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5^' We report the results of the mid-infrared spectroscopy of 14 Galactic star- 

forming regions with the high-resolution modules of the Infrared Spectrograph 
(IRS) on board the Spitzer Space Telescope. We detected [Sill] 35 /im, [Fell] 
26 /xm, and [Felll] 23 /xm as well as [Slll] 33 /im and II2 S(0) 28 /xm emission 
i-C ■ lines. Using the intensity of [Nil] 122 /im or 205 /im and [Ol] 146 /xm or 63 /zm 

I ■ reported by previous observations in four regions, we derived the ionic abundance 

^ ■ Si"'"/N"*" and Fe"'"/N+ in the ionized gas and Si"''/0'^ and Fe+/0° in the photodis- 

^ ■ sociation gas. For all the targets, we derived the ionic abundance of Si^/S^"*" and 

Fe^"*"/S^"^ for the ionized gas. Based on photodissociation and Hll region models 
the gas-phase Si and Fe abundance are suggested to be 3-100% and < 8% of 
the solar abundance, respectively, for the ionized gas and 16-100% and 2-22% 



> 

in 



CN . of the solar abundance, respectively, for the photodissociation region gas. Since 

the [Fe II] 26 /im and [Fe III] 23 /xm emissions are weak, the high sensitivity of the 
t:;^ . IRS enables to derive the gas-phase Fe abundance widely in star-forming regions. 

^ . The derived gas-phase Si abundance is much larger than that in cool interstellar 

O ■ clouds and that of Fe. The present study indicates that 3-100% of Si atoms and 

< 22% of Fe atoms are included in dust grains which are destroyed easily in H II 
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regions, probably by the UV radiation. We discuss possible mechanisms to ac- 
count for the observed trend; mantles which are photodesorbed by UV photons, 
organometallic complexes, or small grains. 

Subject headings: Infrared:ISM - ISM: abundances - dust - H II regions 



Introduction 



One of the methods to probe chemical compositions of interstellar dust grains is to 
examine the gas-phase abundance of a certain element and attribute its deficiency against the 
reference abundance (i.e. depletion) to those contained in dust grains. Since the gas-phase 
emission or absorption lines are relatively easy to observe and interpret, this method can be 
applied for large samples. The depletion pattern in diffuse interstellar matter (ISM) has been 
studi ed on the basis of ultraviolet (UV) absorption lines ( ISavage fc SembachI Il996l : Ijenkins 
20041 ). Previous work for tenuous interstellar clouds (^h ^ 10cm~^) indicates that Si, Mg, 
and Fe, which are the major constituents of dust grains, show different depletion patterns; 
Si atoms return to the gas phase most easily, Mg is depleted more than or similarly to Si, 
and Fe atoms tend to remain most insistentlv in dust grains (ISofia et al.lll994l : iFitzpatrick 
19961 : 1.ToneslboOol : ICartledge et^booi bood : iMiller et allboO?! ) . These suggest that silicates 
contain primarily Mg and most or all Fe atoms are in other components of dust such as metal 
or oxides. The depletion of these elements correlates with the average hydrogen density 
in th e line of sight, indicating that the ISM co nsists of two types of clouds, warm and 
cold (ICartledge et al.ll2006l : I Jensen fc Snowll2007D. For mo re dense clouds with rin = 100- 
1000 cm~^. Si and Fe is highly depleted (jjoseph et al.lll986l ). 



Depletion in active star-forming regions, where the density is much higher than in dif- 
fuse clouds (riH ~ 10-10^ cm~^), has been studied by infrared line emiss ions with the Kuipe r 
Airborne Observatory {KAO) and the Infrared Space Observatory f/5'(9: iKessler et al.lll996[). 



Inten se [Si II] 35 fim emission has b een reported i n a s hocked region in Orion (IHaas et al. 



199ll ). the Galactic cente r region (IStolow et al.lll995l ). and the m assive star-forming re - 
gion Sharpless 171 (S171, Okada et al. 20031 ) and the Carina nebula ( Mizutani et al. 2004), 
which are attributed to the large gas-phase Si abundance of > 30% of solar. Not only in 
ionized regions but also in photodissociation regions (PDRs) large gas phase Si abundances 
of 10-50% of solar h ave been repo rted in the massive sta r-forming region S171, G333.6-0.2 
( Colgan et al. Il993l) and OMC-1 (IRosenthal et al. J2QO0I), and in reflection nebula p Oph 
dOkada et all boooh and NGC 7023 JPuente et al.lboooh . whereas lYming Owl et all J2002h 
indicated that the intensities of [Si II] 35 fim in two reflection nebulae agree with the inter- 
stellar gas phase abundance (a few percent of solar). 
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At visual wavelength s, abundance studi e s of H II regions hav e been carried out for the 
Galactic gradients of O ( Shaver et al.l Il983l: iPilyugin et al.ll2003l ). and also of N, S, or C 
( Vilchez fc Esteban 1996 : Esteban et alj 2005 ) in the context of the Galactic chemical evolu- 



tion. Several observations of Chephides and OB stars have also been performed to examine 
the abundance in the Galactic disk. The derived O ab undance in the solar vicinity is com 



patib le with its gas-phase abundance in H II regions (IRoUeston et al.l 120001 : iPilyugin et al. 



2003 



and references therein). There ar e few optical stud ies of the gas-phase abundance of 
highly depleted elements in H II regions. iRodriguezI (120021 ) shows that Fe abundance in seven 
Galactic star-forming regions is estimated to be 2-30% of solar. Since the [Fell] 26 /xm and 
[Fe III] 23 Atm lines are weak, only a few detections of these lines have been so far reported 
( iTimmermann et al.lll996l : Ivan den Ancker et al.ll2000l : [Rosenthal et al. I l2000h and little con- 
straint on the gaseo us Fe abundance has been imposed before the Spitzer Space Telescope 
( iWerner et al.l |200J) in infrared. In this paper, we report the depletion pattern of Fe as 
well as Si iri Gala ctic star-forming regions observed with the Infrared Spectrograph (IRS; 



Houck et al.ll2004l ) on board Spitzer. 



2. Observations and Data Reduction 

2.1. Target Selection 

The properties of the targets and the observation parameters are listed in Tableland the 
coordinates of each observed position are listed in Tabled In the following, s# represents the 
observed position identifiers. We have observed two groups of targets: (a) Hll region/PDR 
complexes within a few kpc from the Sun that have been studied with ISO or KAO mapping 
observations, and (b) giant HlI regions in the Galactic plane located at various distances 
from the Galactic center and on different spiral arms. As group (a), we have selected four 
star-forming regions where far-infrared spectroscopic observations have been made by ISO 
or KAO at more than two positions, and the [Nil] 122 nm or 205 /im (if in the ionized region) 
and [O l] 146 fim or 63 fim emissions have been obtained, and the properties of the PDR gas 
have been derived. Among about twenty regions that satisfy these criteria, we have selected 
four regions that covers a wide range of the energy of the exciting source (Tabled]). We 
examine correlations among lines detected by the IRS with them, deriving the abundance 
of Si"*" and Fe+ relative to N"*" or O'' in Hll regions and/or PDRs. To take account of the 
difference in the aperture size between the IRS (11.1" x 22.3" for the whole slit) and the 
ISO/LWS (66.4"-87.0") or KAO (45"-60"), we observed 4 positions (2x2 mapping) with 
the IRS within the aperture of the ISO or KAO. 



Group (b) targets have been selected from 



Conti fc Crowther 



(120041 ) of a catalog of 
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giant Galactic Hll regions with a Lyman continuum photon number A^(Lyc) > 10^'' photon 
s~^. Bright and giant regions are suitable for mapping observations within a reasonable 
observation time. To minimize the uncertainty from the density variation in the observed 
regions, we have selected Hll regions that show smooth radio continuum emission and do 
not have clumpy structures in them. 



2.2. Observed positions in individual targets 



S171 is an active star-forr ning region excited b y an 07 type star (see lOkada et al.ll2003l . 



and the references therein). lOkada et al.l (120031 ) have made one-dimensional raster scan 



observations of pl-p24, going from the vicinity of the exciting star (pi) to the molecular 
clouds (p24 ). We observed 6 p ositions, each of which has 2x2 mapping, of p8-pl0 and 
pl9-p21 in lOkada et al.l (120031 ) . where p8 corresponds to s0-s3 of the present study, p9 to 
s4-s7, and so on (Table [2]). The ionized gas is dominant at p8-pl0, where [Nil] 122 /xm 



emission has a local maximum and located at the edge of a molecular cloud (jOkada et al. 



20031 ) . Contribution from the PDR gas is suggested to be significant at pl9-p21, around the 
edge of another molecular cloud. 

a Sco is a star-forr ning region excited by a Bl type star, which is not associated w i th CO 



molecular clouds (see lOkada et al.l l2006l . and the references therein). lOkada et al.l (120061 ) 



have made one-dimensional raster scan observations of pl-pl5, through a Sco (between pl3 
and pl4) toward the north-west direction, where the [Cll] 158 ^m. and IRAS 10 /im contin 



uum e missions show an extended structure. We observed p7, p9, and plO in lOkada et al. 



(120061 ) ■ where [Nil] 122 /im emission has been detected, as s0-s3, s4-s7, and s8-sll, respec- 
tively, in the present study (Table [2]). 

G333.6-0.2 is a bright Hll region at radio and infrared wavelengths an d almost totally 
obscured in the visible. It is likely to be excited by a cluster of O and B stars (iGoss fc Shaver 
1970l : iBecklin et aDll973l : IPuiivoshi et"aDll998h . Since the center of G333.6-0.2 is too bright 
to observe, we made o bservations at 3 posit ions (s4-s7, s8-sll, and sl2-sl5) that correspond 
to Nl, N2, and N3 in lSimpson et al.l (120041 ). 1', 2', and 3' away from the center to the north 
(Fig. [Hand Table [2]). The positions of s0-s3 are located at ~ 1' northwest from the center. 
Part of the Long-High (LH) field-of-view of s2 overlaps with that of s7, and so does s3 with 
s6 (Fig. p. 

NGC 1977 is excit ed by a Bl star and has a i i Hll region /molecular cloud interface 
that is nearly edge-on (jSubrahmanyan et al.l l200ll : lYoung Owl et al.l 120021 . and the refer- 
ences therein). We observed at the [Cll] peak position, the [Ol] peak position, and the 
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position with the second strongest [Ol] intensity in Table 4 of lYoung Owl et aLl (120021 ) as 
s0-s3, s4-s7, and s8-sll, respectively (Table [2]). Among them the [Cll] peak is the near- 
est (~ 6' southwest) from the exciting star. All those positions are l ocated at outside of 



the optically bright edge, which corresponds to the ionization front (iKutner et al.l Il979 
Subrahmanyan et al.ll200ll ). 



For group (b) targets, we made staring observations with the nodding at 3 or 4 positions 
for each target. The positions of sO and si are a nodding pair, so are s2 and s3, s4 and s5, 
and s6 and s7. For two targets, ISO/SWS and LWS single position observations have been 
reported by lPeeters et al.l (120021 ) (see Table [2]). 



2.3. Observation parameters and techniques 

The observations were performed in the cycle 2 general observer program (ID: 20612) of 
Spitzer. All targets were observed with the LH module of the IRS, which provided spectra 
of A/AA ~ 600 in 18.7-37.2 /im. Some of the targets were observed also with the Short- 
High (SH) module in 9.9-19.6 /im, which are listed in Table [31 For S171 (except for s4-s7), 
NGC 1977, G32. 797+0.192, and G351.467-0.462, we made background observations to reduce 
the effects of rogue pixel^. Other targets are bright enough and we do not need background 
observations, or the observations had been made before the problem of rogue pixels was 
noticed. For these targets the background subtraction is not applied. 

For all the observations, the data of the pipeline version S13 or S14, which are identical 
for LH and SH, were used. We start with the basic calibrated data (BCD). When we 
made background observations, we subtract them from the on-source observations. After we 
apply IRSCLEAN t o correct rogue pixels, we process the BCD by using SMART@ software 



( iHigdon et al.ll2004j ). After coadding the BCD of the same positions, we extract the spectra 
with the full aperture, i.e. taking a sum along the slit with SMART. Since the IRS intensities 
have been calibrated against point sources, we apply the extended source correction, which 
takes account of the aperture correction and the slit efficiency. Examples of the obtained 
spectra are shown in Fig. [2l 

We obtained the line intensities by Gaussian fits by assuming a linear baseline. The 
results are summarized in Tables [2] and [31 The errors in the line intensities include both the 



^See IRS Data Handbook 



^ SMART was developed by the IRS Team at Cornell University and is available through the Spitzer 
Science Center at Caltech. 
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fitting and the baseline uncertainties. For the line emission less than 3 times the uncertainty 
(< 3a) we give 3a as an upper hmit. For each mapping dataset of group (a), we coadded 
the spectra and derive average line intensities to compare with the results of ISO and KAO. 
They are also shown in these tables. In the following, we describe these coadded spectra as 
s(0-3), to be distinguished from individual observations from sO to s3 that are designated 
by s0-s3. 



2.4. Origin of individual emission lines 

Table H] shows the ionization potential of elements of the detected lines and the con- 
figuration and the energy level of upper state are given in Table |5l Among emission lines 
detected by the present observations, [Si II] 35 /im and [Fe II] 26 /im can originate both from 
the ionized and PDR gas since the first ionization potentials of Si and Fe are less than 
13.6 eV. On the other hand, [Felll] 23 /im as well as [Slll] 33 /xm and [Nil] 122 /zm stem 
only from the ionized gas thus we use those lines to discuss the gas-phase abundance in the 
ionized gas. These lines are collisionally excited by electrons. The H2 S(0) 28 /xm emission 
as well as [O l] 63 /xm and 146 /xm traces the PDR gas. 



2.5. Extinction corrections and foreground contamination 



We apply extinction correction to the observed line intensities as follows. S171, a 
Sco, and NGC 1977 are located within 1 kpc from the S un and well visible in optical 



(jSharplesd Il959l : IWhittetl Il974j : ISubrahmanyan et al.l I2OOII ) . T he mean Ay p er kilopar- 
secs for lines of sight close to the Galactic plane is ~ 1.8 mag (IWhittetl l2003l ) . and thus 
the extinction is considered to be negligible at mid-infrared wavelengths. For G333.6-0.2, 
we estimate the extinction correction factor to be naultipli ed to the observed intensities 
from Tfl.T = 1.5 (Fuiiyoshi et al. 2001: Isirnpson et al. 2004) and the extinction law from 
Weingartner fc Draine (2001) and Draine ( 2003a 3) to be 3.4 for [SiV] 10.5 /zm and 1.3 for 
[Si 11] 35 /im. Group (b) targets are all located in the inner Galaxy and > 5 kpc from the 
Sun, and thus large extinction is expected. However, we mainly discuss only the line ratios 
within the LH wavelength range. Even with Ay = 60 mag, which is about two times of 
the average visual extinction towards the Galactic center, the [Sill] 35 /im/[SlIl] 33 fim ratio 
and the [Felll] 23yum/[SlIl] 33 yum ratio becomes larger only by -6% and 50%, respectively. 
Therefore, we do not apply the extinction corrections to the group (b) targets and take ac- 
count of the uncertainty of —6% and -|-50% for the [Sill] 35/im/[SlIl] 33 fim and the [Felll] 
23yum/[SlIl] 33 /im ratio, respectively. 
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For group (b) targets, the obtained line intensities can be contaminated by foreground 
gas in the Galactic plane. We estimate the effec t from the 1420 MHz continuum observations 
of NRAO VLA sky survey (ICondon et al.lll998l ). The intensity of the radio continuum of the 
position observed by the IRS is larger than the surrounding diffuse emission by a factor of 10 
or more, except for G32.797+0.192 s4 and s5 and G359.429-0.090 s4-s7. For G32.797+0.192 
s4 and s5 the factor is ~ 8, while the radio intensity at G359. 429-0. 090 s4-s7 is almost the 
same as diffuse emissions. Therefore, we consider the obtained line intensities at G359.429- 
0.090 s4-s7 as upper limits and exclude them in the following abundance discussion. 



3. Results 



The results are summarized in Tables [2] and [31 [Si II] 35 fim emission is detected at all 
the positions, and [Fe II] 26 fim and [Fe III] 23 /im emissions are detected at more than half 
of the mapping positions of most targets. We examine the correlation of [Si II] 35 fim and 
[Fell] 26 /im against [Slll] 33 /im or H2 S(0) 28 /im, which traces the ionized gas and PDR 
gas, respectively (Figs. [3] and H]), to investigate the origin of the [Si II] 35 fim and [Fe II] 26 /xm 
emission. The correlation coefficients are estimated for data where both lines are detected, 
and listed in Table [61 Since the number of data is small, we make t-test to examine the 
reliability of the derived correlation coefficients, and the results are also shown in Table [B 
When the rejection region is < 1%, the assumption that there is no correlation can be 
rejected with 99% reliability. 



In the following, we estimate the abundance ratio between several ions using these line 
ratios, taking account of the contributions from the ionized and PDR gas. For the ionized 
gas, we refer to models of an isothermal cloud of 7000-12000 K with a uniform density with 
the optically thin condition. The relevant fine structure levels are taken into account except 
for Fe"*", for which a6D, a4F, and a4D levels are also included into the calculation. Pumping 
and subsequent downward cascades from higher le vels are not taken into account, but they 
have negligible effects on the [Fe II] 26 /xm emission JVerner et al.lboooh . Collision coefficients 



and A -coefficie nts of relevant trans i tions are fr omlZhang fc PradhanI ( 
Jl996h forFe+. lNahar fc PradhanI Jl996h andlzhangi (ll996|) for F^+, 



995) and Quinet et al. 



Osterblocd fll992l ) and 



Shibail fll992l ) for Si+, N+, and S'^+. Using the density of each region derived by previous stud- 



ies (Table[TD, we estimate the abundance ratio of two ions from the line ratio. I n the following. 



we de scribe the abundance ratio of two ions against the solar abundance by lAsplund et al. 



((20051) shown in Table [7] as (Fe^+ /S'^+)^s = (Fe^^ /S^+)/(Fe^+ /S'^+)q, where "as" means 



"agai nst solar". Since S and N are considered to be little depleted (ISavage fc Sembach 



19961 ). we use line ratios against [Slll] or [Nil] lines to discuss the depletion pattern of Si 
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and Fe. For the PDR gas, we compare the observed hne ratios with those of PDR models by 



Kaufman et aLl (120061 ) and simply attribute the discrepancy to the abundance ratios. The 



assumed abundance of each element in the PDR model is indicated in Table [71 We estimate 
the abundance ratio from comparison of the observed line ratios with those of the models 
by simple scaling. 



3.1. Group (a) 

3.1.1. S171 

The [Si II] 35 /im intensities derive d from the averaged spectra over 4 mapping positions 
(Table ED agree with that of ISO/SWS Jokada et ahlboosh within la except for s(12-15) and 
s(20-23), where they are in agreement within 2a. The difference in the aperture size is the 
most likely cause of the disagreement, since the variation within each 4 mapping positions 
is larger than the uncertainty of the line intensity derived from the averaged spectrum. 
The [Si II] 35 /zm and [N II] 122 fim emissions observed with ISO show a good correlation, 
suggesting that most [Si II] 35 fim emission comes from the i onized gas except fo r pl9 and p21, 
where a significant contribution from the PDR is indicated (jOkada et al.ll2003l ). Figure [3] and 
Table [6] show that the [Sill] 35 fim emission correlates with the H2 28 /xm and it shows rather 
a negative correlation with the [S III] 33 fim emission. The positions of the IRS observations 
are limited around a local maximum of [Sill] 35 /im and [Nil] 122 /im and do not cover a 
wide range along the distance from the exciting star. The positions of sO-sll (p8-pl0) is 
located at 1.4-1.8 pc from the exciting star and sl2-s23 (pl9-p21) is located at 3.6-4.0 pc. 
Both correspond to clouds around dense molecular clouds, and the contribution from the 
PDR gas is suggested for the latter from the ISO observations. Thus the present correlation 
is severely affected by l ocal c onditions and does not directly imply the origin of the line 



emission. 



Okada et all fl2003f ) suggested that (Si+/N+), 



= 0.3 ± 0.1 assuming that the 
ionized gas for the origin of the [Sill] 35 fim, which is (Si^/N'^)as = 0.22 ± 0.07 when we use 
the solar abundance in Table [71 

Table [HI summarizes the derived (Fe+/Si+)as, (Si^/S^+)as, and (Fe^+/S^"*')as by assuming 
that [Fe II] 26 /im and [Si II] 35 /xm emissions come from the ionized gas as well as [Fe III] 23 fim 
and [S III] 33 /im, and that the abundance is constant within one star-forming region. Those 
are plotted in Figs. [51 and [61 In S171, (Fe^"'"/S^+)as is estimated to be 1-2% of the solar 
abundance. 



Similarly to [Sill] 35 /im, the [Fell] 26 /zm emission correlates with the II2 28 /im and 
it has a negative correlation with the [S III] 33 /xm emission. Again, non-uniform sampling 
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over two molecular cloud regions of the present observations has to be taken into account in 
the interpretation. With assuming that all the [Fe II] 26 urn emission comes from the PDR 
gas, we estirnate (F e^l^s using PDR properties derived in lOkada et al.l (120031 ) for each cloud. 
Okada et all J2003h show that positions in the cloud near the exciting star have the radiation 



field strength (Go) in units of the solar neighborhood value (1.6 x 10 ^ Wm ^) of about 250 
1200 and the gas density of the PDR (n) of 30-540 cm~^. PDR models by iKaufman et al. 



( I2OO6I ) indicate [Fell] 26/im/H2 28 //m~ 0.01-0.04 for these parameters with the abundance 
in Table El Positions in the cloud far from the exciting star have Gq = 160-420 and n = 850- 
1300 cm-^ and the PDR models indicate [Fell] 26/im/H2 28 fim= 0.007-0.017. The average 
observed ratio is 0.23 and 0.18 for both clouds, respectively. These suggest (Fe"'")as = 0.03- 
0.13 and 0.06-0.15, respectively, by simple scaling. On the other hand, if assuming that 
all the [Fell] 26 /im comes from the ionized gas, the ratio to [Nil] 122 /xm observed by ISO 
indicates (Fe+/N"'")as = 0.005-0.01 and 0.01-0.05 for both clouds, respectively. 

We estimate the electron density from [Slll] 18.7/im/33 /im to be 170 cm~^ for an aver- 
age, and less than 540 cm~^ for all the observed positions. The presence of a diffuse H II region 
in S171 is suggested by the electron density of < 150 cm~^ and < 70 cm~^ derived fro m the 
[Olll] 52/im/88/im and [Nil] 122/im/[Cll] 158 /xm, respectively (lokada et al1l2003h . The 
present results show that the [Slll] emitting gas has an electron density similar to that of 
[Olll] and [Nil] and [Cll] emitting gas. 



3.1.2. G333.6-0.2 

The [Slll] 33 ;um intensities reported by ifyl O observations at Nl (s4-s7), N2 (s8-sll), 
and N3 (sl2-sl5) are (2850 ± 50), (990 ± 70), and (590 ± 50) xlO"^ Wm'^ sr^^ respec- 
tively, and [Slll] 18.7/im intensities by KAO at Nl and N2 are (2410 ± 240) and (550 ± 



100)xlO ^Wm ^sr ^, respectively (ISimpson et al.l 120041 ). The observed [Slll] 18.7/im in- 



tensities of the averaged spectra by Spitzer do not always agree with those by KAO within la, 
which may be attributed to the difference in the aperture size between the IRS (4.7" x 11.3") 
and KAO (60") observations. Table [3] shows that the [Slll] 18.7/im intensity within one 
mapping set (e.g. s4-s7) differs largely, and the discrepancy between Spitzer and KAO is 
not larger than these scatters within one mapping set. However, the [Slll] 33 /tm intensities 
by the IRS are at least by 30-40% smaller than those by KA and these can not simply be 
attributed to the difference of the aperture. The cause is unknown at present. The derived 
density from the extinction-corrected [S III] 18.7 /im/33 /im by the IRS ranges 700-2200 cm~^ 
at s0-s3, 600-3000 cm-3 at s4-s7, 600-1300 cm'^ at s8-sll, and 300-1600 cm'^ at sl2-sl5. 



The good correlation between [Sill] 35 /im and [Slll] 33 /im (Fig. [3] and Table [HD in- 
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dicates that the major fraction of the [Sill] 35 /im emission comes from the ionized gas. 
The samphng of the present observations is rather uniform comparing to the case of S171 
(Fig. [T]) and sho uld have less effects from local conditions. We use the [N II] emission ob- 
served by KAO Jsimpson et al.lbooi ) and derive (Si+/N+)as = 0.20 (±0.05), 0.31 (±0.10), 
and 0.13 (+0.83/ — 0.06) for s(4-7), s(8-ll), and s(12-15), respectively. These are similar 
to (Si'''/S^+)as (Table [8]). For s(12-15), only the [Nil] 205 /zm emission has been detected by 
KAO and we use [Nil] 122 /xm emission for the other two positions. The [Sill] 35/im/[Nll] 
205 /im ratio is sensitive to the density, thus the derived abundance ratio has a large uncer- 
tainty. For s(4-7) and s(8-ll ), the derived (Si"'"/N"^)as is in the same order of magnitude 
as in S171 (lOkada et al.ll2003l ). Although the major fraction of the [Sill] 35 /xm emission is 
considered to come from the ionized gas as mentioned above, the contribution from the PDR 
sho uld not be negligible . In fact, the [Sill] 35 /xm/[Nll] 122 /im ratio in the center of G333.6- 
0.2 (IColgan et al.lll993l ) indicates the Si abundance of over 100% solar and thus part of [Sill] 
35 /im emission should come fro m the PDR. We comp are the observed [Sill] 35/im/H2 S(0) 
28 /im with the PDR model by iKaufman et al.l (120061 ) for s8 and sl2-sl5, where H2 28 /xm 
emission has been detected. PDR prop erties at the center of G333.6-0.2 have been derived 
to be Go = 10^ and n = 4 X 10^ cm'^ JCokan et al.lll993h . If the PDR at s8 and sl2-sl5 
has the same Go and n as those at the central region, the observed [Sill] 35/im/Il2 28 /im 
is consistent with the model with the abundance in Table O i.e. (Si"'")as = 0.05. Those 
observed regions are far from the central region (Fig. [1]) and Gq should be decreased with 
the square of the distance from exciting sources. If Gq decreases to 10^, the observed [Sill] 
35/im/H2 S(0) 28 /im ratio becomes larger than the model prediction by a factor of 9-23, 
which corresponds to (Si"'")as = 0.5-1.2. 

We estimate the (Fe2+/S2+)as to be ~ 0.03 in G333.6-0.2 (Table [8]). Even ii we assume 
that all the [Fe II] 26 /im emission comes from the ionized gas, the ratio to [N II] emission 
observed by iT^O indicates (Fe+/N+)as < 0.05. The [Fell] 26/im/H2 S(0) 28 /im ratio in the 
PDR changes rapidly with Gq. Thus it is difficult to obtain a useful constraint on (Fe"'")as in 
the PDR. 



3.1.3. a Sco 



In the a Sco region, the [Si II] 35 /im and [Fe II] 26 /im emission was detected for the 
first time. The derived [Sil l] 35 /im intensities are compatible with the upper limit esti- 



mated by ISO obser vations ( Okada et al. 20061 ). H2 28 /im emission was detected whereas 



de Geus et al.l (Il990l ) did not detect the CO line emission around a Sco. [Si II] 35 /im emission 
shows a negative correlation with the [S III] 33 /im emission and the correlation coefficient 



- 11 - 



indicates a good correlation of the [Si II] 35 fim with the H2 28 fim emission. It should be 
noted that the uncertainty of the intensities are relatively larger than other targets (Fig. [3]) 
and the sampling of t he observed positio ns is not uniform along the distance from the ex- 



citing star as in S171. lOkada et al.l (120061 ) examined physical properties of both ionized and 
PDR gas in the a Sco region from far-infrared line and continuum emissions as Ue < 20 cm~^ 
for the ionized gas, Gq = 200-1200 for the PDR gas at p7, p9, and plO, and n = 20-50 cm~'^ 
for the PDR gas at p7. If all the [Si II] 35 //m emission comes from the ionized gas, the ratio 
to [Nil] 122 urn observed by ISO indicates (Si+/N+)as ~ 0.08-0.25. On the other hand, the 
[Sill] 35/im/H2 S(0) 28 /xm indicates (Si"'")as to be 0.2-1.6 if all the [Sill] 35 /xm emission 
comes from the PDR gas. 

[Fe III] 23 fim has not been detected at any observed position and [Fe II] 26 /xm has been 
detected only at s0-s4, the farthest position from the exciting star. Assuming the PDR 
gas for the origin of [Fell] 26 /im, (Fe"'")as ~ 0.03-0.22, and assuming the ionized gas origin, 
(Fe+/N+)as ~ 0.03-0.06. 



3.1.4. NGC 1977 



In NGC 1977, the [Arlll] 22 /xm, [Felll] 23 /xm, and [Slll] 33 /im emissions, which come 
from the ionized gas, were not detected. This is consistent with that all the observed positions 
are located outside the ionization front on the edge-on structure. Thus [Si II] 35 /im and [Fe II] 
26 /im emissions are considered to come from the PDR. At s 0-s3, the [Sill] 35 /im in tensity 
detected by KAO is reported to be (13 ±4) x 10"^ W m'^ sr"^ flYoung Owl et al.ll2002K which 
is weaker, but consistent with the intensity obtained by the IRS within 3a. 



Young Owl et al.l (120021 ) have derived the PDR properties Go ~ 5000 and n = 2 x 10^- 



3x10^ cm~^ from the observed intensities of [C II] 158 /im, [Si II] 35 /im, and [O l] 63 /im at the 
[Cll] peak position corresponding to s0-s3. We reanalyze their data of [Ol] 63 /im, 146 /im, 
[Cll] 158 /im and [Sil l] 35 /im, togeth e r with H2 S(0) 28 /im detected by the IRS using the 
latest PDR model by iKaufman et al.l (120061 ). We plot the ratio of the observed those line 
intensities on the n-Go plane of the model in Fig. [71 It shows that any combinations of Go 
and n can not reproduce the observed line ratios. The discrepancy can be reduced if [Ol] 
63 /xm is optically thick in overlapping clouds toward the line-o f- sight and Si in gas phas e is 
larger than assumed in the PDR model as in SI 71 and p Oph ( Okada et al. 2003, 20061 ). If 
we assume that [O l] 63 /im emission is intrinsically stronger than the observed intensity by a 
factor of 2.5, the line ratios except for [Cll] 158 /im/[SiIl] 35 /im in Fig. [7]meet at Go ~ 5000 
and n ~ 10^ cm~^. Then (Si"'")as should be ~ 0.16, 3 times larger than Si abundance assumed 
in the PDR model (Table [7]), to account for all the line ratios. As mentioned above, the [Sill] 
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35 yum intensity observed by the IRS is larger than that by KAO by a factor of 1.9. If we 
adopt the intensity by the IRS, (Si+)as should be 0.3. In s4-s7 and s8-sll, [Sill] 35/im/H2 
28 fim is lower than that in s0-s3 (Table [2]), which indicates lower values of Gq and/or n, or 
(Si+),s ~ 0.1. 

[Sill] 35/im/[FeIl] 26 /xm is 10-17 for all the positions. Since the model prediction of 
the ratio is 20-25 for Gq ~ 5000 and n ~ 10^ cm'^ (Fe+)as should be ~ 0.02-0.04, 4-8 times 
larger than Fe abundance in the model (Table [7]) if (Si"'')as = 0.16. 



3.2. Group (b) 

For most group (b) targets, the [Sill] 35 ;um emission shows better correlation with 
[Slll] 33 /im than with II2 28 /im (Fig. [3] and Table [6]). By assuming that all the [Sill] 
35 /im emission comes from the ionized gas, we derive (Fe"^/Si+)as and (Si+/S^+)as (Table [S]). 
(Fe^+/S^"'")as are also shown in Table [HI In contrast to Si"*", (Fe^+/S^"'")as is below 0.1 even 
taking account of errors in all the 10 regions. 

For G32.797+0.192 and G 351.467-0.462 , ISO/ SWS and LWS single position obser- 



vations have been reported by IPeeters et al.l fl2002[ ) as IRAS18479-0005 and IRAS17221 



3619, respectively ( see Table [2]). We apply the extended source correction to line fluxes by 
Peeters et al.l ( 20021 ) and convert them to the surface brightness. The obtained [S IV] 10.5 /im, 
[Nell] 12.8 /im, [Slll] 33 /im, and [Sill] 35 /zm intensities of IRAS17221-3619 are consistent 
of those of G351. 467-0. 462 sO within 2a, whereas [Slll] 33 /zm and [Sill] 35 /xm intensities of 
IRAS 18479-0005 are much smaller than those of G32.797+0.192 si. Table [2] shows the large 
intensity gradient in G32. 797+0. 192, so this discrepancy may be due to the difference of the 
aperture between the SWS and IRS. [Sill] 35/im/[Nll] 122 /im with ISO observations indi- 
cates (Si+/N+)as = 0.19-0.29 for IRAS17221-3619 (G351.467-0.462 sO), which is consistent 
with (Si"^/S^"^)as (Table [8]). With assuming Ay = 60 mag, (Si+/N"'")as should increase by a 
factor of 2, still consistent with (Si"'"/S^+)as within the uncertainty. [Nil] 122 /im emission 
has not been detected in IRAS18479-0005 (G32.797+0.192 si). 

To derive the gas-phase abundance in the PDR, we need observations of cooling lines 
such as [O l] 146 /im and the far-infrared continuum in the PDR to constrain n and Gq. Since 
[Sill] 35 fim/B.2 28 /im and [Fell] 26 fim/B.2 28 /im changes rapidly with these PDR parame- 
ters, it is difficult to constrain (Si"'")as and (Fe"'")as using only H2 28 /im. For G32. 797+0. 192 
and G351. 467-0. 462, we analyze [Ol] 63 /xm, 146 /im, [Cll] 158 /im, and [Sill] 35 /im emission 
lines as well as far - infrar ed continuum emissions observed by ISO in the same manner as 



Okada et al.l (l2003l . l2006l ). We fit the continuum emission of the LWS spectra with a gray- 
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body radiation of the A ^ emissivity to derive dust temperature, from which we estimate Go 
(Table [9]). For both regions, no PDR models account for the derived Gq and the observed 
[O I] 63 /xm/FIR, [O l] 146 /xm/FIR, and [C II] 158 /xm/FIR, where FIR is the total far-infrared 
intensity. We assume that PDR clouds overlap along the line-of-sight, with each cloud being 
r = oo for [O l] 63 /xm, r = 1 for [C II] 158 fim, and optically thin for [O l] 146 /xm and con- 
tinuu m emissions, and estimat e the degree of overlapping from Z = FIR(obs)/FIR(model) 



as m 



Okada et al I J2003I . hood ). The observed [Ol] 63 urn U6 urn, [Cll] 158 urn , and the 



continuum emissions are consistent with the PDR model by iKaufman et al.l (120061 ) with the 
parameters of Table [91 [Sill] 35yum/FIR will be consistent with these PDR properties if 
(Si^)as = 0.8-1.3 and 1.0-2.0 for two regions (Table [9]). The extinction correction increases 
(Si^)as- The estimated Si abundance is almost solar and is much higher than the abundance 
estimated if the line originates from the ionized gas (Table [S]), which indicates that the major 
origin of [Si II] 35 fim is the ionized gas in these two regions. 



4. Discussion 

4.1. Gas-phase abundance 

The analysis in the previous section derives the ionic abundance ratio as (Fe+/Si"'")as = 
0.005-0.38, (Si+/S2+)3^ = 0.03-1.7, (Si+/N+)as = 0.08-0.4, (Fe'^+ /S'^+)^ = 0.002-0.08, and 
(Fe+/N+)as = 0.005-0.06 in the ionized gas, and (Si+)as = 0.16-1.6 and {Fe+)^ = 0.02-0.22 
in the PDR gas. In this subsection we examine the uncertainty in interpretation of these 
ratios as the gas-phase elemental abundance of Si and Fe against the solar abundance. 

For the PDR gas, models take into account chemical reactions and the balance of the 
ionization, and the estimated (Si"'")as and (Fe"'")as should correspond to the gas-phase elemen- 
tal abundance of Si and Fe against the solar abundance in the first order appr oximation. The 



uncertainties in the estimation of n and Gq affect the results. According to iKaufman et al. 



(120061 ) ■ [Sill] 35/im/[Ol] 146 /xm is less sensitive to n and Gq. It varies only 50% in a range 
of n = 10-10^ cm-3 and Go = 10^-10^. On the other hand, [Sill] 35/im/H2 28 /xm and 
[Fell] 26/im/H2 28 /xm are much more sensitive to n and Gq, especially for n > lO^cm"'^ 
and Go > 10^. Therefore, it is difficult to examine the abundance from [Sill] 35fim/B.2 
28 /xm and [Fell] 26/im/H2 28 /im except for nearby star-forming regions, where the PDR 
parameters have been well estimated. 

For the ionized gas, we need to take into account the ionization structure and the ioniza- 
tion fraction to translate the ionic abundance ratio into the gas-phase elemental abundance 
ratio. Since the ionization potential of Si and Fe is similar, (Fe"'"/Si"'")as is a good indicator of 
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(Fe/Si)as- The first ionization potential of N is similar to tliat of hydrogen, and the second 
ionization potential is quite high compared to that of Si (TableH]). Thus (Si+/N+)as is a lower 
limit of the gas -phase elemental abundan ce of (Si/N)as- This is also true for Fe"*". Since N is 
little depleted ( Savage fc Sembach IQod ). (Si+/N+)as and (Fe"''/N+)as indicate lower limits 
of the gas-phase abundance of Si and Fe against the solar abundance, respectively. 



S is also considered to not be heavily depleted in the ISM (ISavage fc SembachI Il996l ). 
Though the difference bet ween the gas-phase S abundance and the solar abund ance has been 
discu ssed for Hll regions ( Martin-Hernandez et al. 2002h. starb ur st galaxies (Verma et al. 
20031) . and planetary nebulae (jPottasch fc Bernard-Salad |2006| ). iMartin-Hernandez et al. 



( l2002l ) reported that regions with low S abundance have high density of Ue > lO^cm"^. 
Thus we assume the solar abundance as gas-phase S abundance. Since the second ioniza- 
tion potential of S is much larger than the ionization potential of Si (Table Hj), the derived 
(Si^/S^^)as can not be assumed to be equal to (Si/S)as- In fact, (Si^/S^"'")as in a Sco is 
too large probably because the excitation source in this region is a Bl star. On the other 
hand, (Si+/S^+)as gives a similar value as (Si+/N"'')as, 0.22 and 0.13-0.31, respectively, in 
G333.6-0.2, which has iV(Lyc)> 10^° photons s^^ as all the group (b) targets. Therefore, we 
assume that (Si"'"/S^"'")as for group (b) targets roughly indicates the gas-phase Si abundance 
against solar. Fe^"*" and S^^ have similar ionization potentials, thus (Fe^+/S^"'")as should be 
a good estimate for (Fe/S)as- 

Since Ne"*" has also si milar ionization potential with that of S^"*" and Ne is less depleted 
(ISavage fc SembachI Il996l ). we examine (Si"'"/Ne"'")as and (Fe^"'"/Ne"'")as as indicators for Si 
and Fe abundance for three targets with SH observations. Those give smaller value by a 
factor of ~ 3 as (Si+/S2+)as and (Fe2+/S2+)as, respectively, i.e., (Ne+/S2+)as ~ 3 for all the 
three targets. Possible reasons are the contribution of the high density gas, the depletion 
of S, or unusual abundance of Ne. The relative intensities of [Slll] 18 /im, 33 /xm, and 
[Nil] 122 /im (if available) emissions are consistent with low density gas of rie < lO^cm"'^. 
(Ne+/Ar^ +);,., derived from [Ne ll] 12.8 /xm/[Ar III] 22 /xm also shows large value of ~ 3. In 
addition, ISimpson et al.l (120041 ) shows a high abundance of Ne/H compared to S/H, N/H, 
and 0/H in G333.6-0.2. Thus we do not adopt the [Nell] 12.8 /im emission as a reference. 

We use the solar abundance (Table [7]) as a reference elemental abundance. The uncer- 
tainty of the r elative solar abundance b et ween two elements affects the results . The solar 
abundance bv I Anders fc Grevessd (119891 ) , iGrevesse fc Sauvall (119981 ) , iHolwegen (120011 ) , and 
LoddersI toO^ differ by -t-25% for Si, +66%/ - 1% for Fe, and +55% for S from those by 
Asplund et al.l (120051 ) (Table [7]). However, this is the systematic uncertainty and the result 
that gas-phase Si abundance is much larger than that of Fe does not change. There is also 
a gradient of the abundance along the galactocentric distance, and the relative abundance 
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ratio of two elements is affected by tlie cfiemical evolution there. Basically, Si and S are 
a-elements, and thus the Si/S ratio is less sensitive to the metallicity. However Fe atoms are 
formed mostly in type la supernovae and N req uires supplement ary sources other than type 
II supernovae such as intermediate mass stars (iHou et al.ll2000l ). The ratios between these 
elements vary w ith the metallicity . The abundance gradient in our Galaxy has been derived 
observationally. iDafion fc Cunhal (120041 ) derive the slope of the abundance gradient as -0.04 
dex kpc~^ for Si and S, and -0.046 dex kpc~^ for N from observations of young OB stars. 
Chen et al.l (120031 ) show that the slope for Fe is -0.024 dex kpc~^ from open clusters with 



ages less than 0.8 Gyr. A simple extrapolation indicates that the solar abundance ratio of 
Si/N, Fe/N, and Fe/S will decrease by 0.048, 0.176, and 0.128 dex at the Galactic center, 
respectively. The most affected ratio is Fe/N, which would result in an overestimate of the 
gas-phase Fe abundance by about 50% at the Galactic center. All the group (a) samples for 
which we derive the Fe/N abundance are, however, located within ~ 3 kpc. Fe/S would result 
in an overestimate of the gas-phase Fe abundance only by about 30% even at the Galactic 
center. Thus the uncertainty of the reference abundance does not affec t the gas-phase Si and 
Fe abundance discussed in the next subsection. On the other hand, iKnauth et al.l (120061 ) 
show that the abundance ratio of N/0 derived from stars within ~ 500 pc of the Sun is 
larger than that from distant stars by ~ 50%. a Sco is within ~ 500 pc, thus Si"'"/N"'" and 
Fe"'"/N+ have uncertainty of +50%. 

The fact that [Si II] 35 yum and [Fe II] 26 /im emission s originate both from the ionized 
and PDR gas makes the interpretation more complicated. iKaufman et al.l (l2006l ) estimated 
the fraction of the intensity of [Si II] 35 yum and [Fe II] 26 yum from PDRs and H II regions 
for He = 1-10'^ cm~^, A^(Lyc)= 10^^ and 10^^ s~^, for metallicity Z = 1 and 3, which 
meet physical properties of the most targets in the present study. As a result, [Fell] 26 /im 
emission is dominated by the PDR in all but one model of rig = Icm"'^ and A^(Lyc)= 10^^, 
whereas whether [Si II] 35 /im emission is dominated by the PDR or H II regions depends 
on the parameters. With typical parameters of Z = 1, Ug = 100 cm~'^, and A^(Lyc) = 
10^^, /s uT(PDR)//s iT T(Hll )~ 4, but it depends rapidly on the metallicity and the electron 
density. lAbel et al.l (l2005l ) self-consistently calculated the thermal and chemical structure of 
an Hll region and PDR with CLOUDY, and investigated the percentage of the [Sill] 35 /im 
line that is produced in the Hll region with various physical properties. For the effective 
temperature of the exciting source Tcs = 38000 K, rie < 70cm~^, and Go ~ 10^-10^, which 
are properties in S171, the contribution of the [Sill] 35 /im emission from the ionized gas is 
estimated to be > 30%. When rig becomes lower, or Tes becomes higher, or Go becomes 
lower, the contribution from the ionized gas increases. The origin of the [Fe II] 26 //m may be 
examined by the [Fell] 18 //m emission. Since this upper level transition has the excitation 
energy of 2700 K, the contribution from the PDR should be negligible for [Fell] 18 /xm. We 
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estimate the upper limit of the fraction of the [Fe II] 26 /im from the ionized gas from the 
observed upper hmit of the [Fell] 18 /xm (Table [TOl) . Though strong constraints can not 
be obtained, the contribution from the PDR gas is not negligible in part of the observed 
positions. Observations of [Fell] 18 yum with a higher sensitivity in future missions will be 
useful to investigate ionized gas contributions. 



4.2. Si- and Fe-bearing dust grains 



Table [Eland Fig. [5] show that (Fe"'"/Si^)as is less than 0.1 in most regions with assuming 
that [Si II] 35 /im and [Fe II] 26 nm emissions come from the ionized gas. It is clearly shown 
that Fe is highly depleted than Si. The analysis in the previous section shows that the 
gas-phase Si abundance indicated by (Si"'"/S^"'")as and (Si+/N"'")as is 3%-100% of the solar 
abundance in the ionized gas in a wide range of the exciting stars, i.e. from cr Sco to gi 
ant Hll reg ions with A^(Lyc)> 10^° photons s~^. Together with the result of lOkada et al. 



( I2OO3I . I2OO6I ). several PDRs also have similar gas-phase Si abundance. On the other hand, 
the gas-phase Fe abundance indicated by (Fe^+/S^+)as and (Fe+/N"'")as is < 8% of the so- 
lar abundance in all the observed regions (Fig. [6]). From UV observations, the gas-phase 
abundance of Si and Fe in cool interstellar clouds are 5% and 0.5% solar, and those in warm 



interstellar clouds are 30% and 6% solar (ISavage fc SembachI Il996l ). In diffuse interstellar 



clouds probed by UV observations, shock waves by supernovae destroy dust grains. The 
gas-phase abundance of several elements including Si and Fe shows a trend to increase with 



Fitzpatrick 


1996; 


Cowie 


1978) 



dance in star-forming regions discussed in the present paper is in a range similar to that of 
warm interstellar clouds. However, dust grains in star-for ming regions should originate from 



dense cool clouds, where Si and Fe are highly depleted (I Joseph et al.lll986l ). and they are 
processed by UV radiation or stellar winds from newly born massive stars in a different way 
from grains in warm interstellar clouds. 

It is generally accepted that inters tellar dust gra ins consist of amorphous silicates and 
some form of carbonaceous materials (jDraind l2003al ). Si, Mg and Fe can be major con- 
stituents of silicate, but UV observations indicate that they show different depletion pat- 
terns; Si atoms return to the gas phase most easily, Mg is de pleted more than or similarly 
to Si , and Fe atoms tend to insistently remai n in dust grains (ISofia et al.lll994l ; iFitzpatrick 
19961 ; |Jonesll2000l ; ICartledge et al.ll2004l . l2006l ). These indicate that silicates contain primar- 
ily Mg and most or all Fe atoms are in other components of dust such as metal or oxides. 
Although the trend that Si atoms return to the gas phase more easily than Fe is the same 
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in star-forming regions discussed in the present paper as in diffuse ISM, silicate sho uld sur- 
vive generally in the ionized regions since it has a large binding energy of ~ 5 eV (iTielens 



19981 ). The present study indicates that 3-100% of Si atoms and < 22% of Fe atoms are 



included in dust grains which are destroyed easily in H II regions, probably by the UV radia- 
tion. The presen ce of mantles wh i ch rel ease Si atoms into the gas phase by photodesorption 
by UV photons (IWalmslev et al.l Il999l) or organometallic complexes such as PAH cluster 
(iMarty et al.lll994l : iKlotz et al.lll995l ) is suggested. Another possibility is that a fraction of 
Si and Fe atoms are in very small grains. iRodriguea (120021 ) observed optical [Fe III] and [Fe II] 
lines in bright Galactic Hll regions and found the Fe abundance against O in the ionized 
gas to be between 2% and 30% of solar. The depletion of Fe is shown to correlate with the 
ionization degree, which indicates that dust grains are in small sizes with a ~ lOA, which 
can be significantly high temperature that leads to evaporation after the absorption of one 
or a few energetic photons. The depletion is also shown to correlate with the color excess, 
coming from foreground dust grains. They suggested that both correlations seem to require 
the presence of dust grains differing from classical grains in the respects of their small sizes 
or loose structure. A fraction of those grains are destroyed in the ionized gas and surviving 
ones would be pushed outside the ionized region, which produce most of the color excess. 



5. Summary 

We observed 14 Galactic star-forming regions with the IRS on board Spitzer. [Si II] 35 fim 
is detected at all the observed positions and [Fe II] 26 fim and [Fe III] 23 /im emissions were 
detected at more than half of the mapping positions of most targets. The high sensitivity 
of the IRS enables to detect these emission lines from iron ions widely in low density star- 
forming regions for the first time. For three group (a) targets, S171, G333.6-0.2, and a Sco, 
we provide (Si+/N+)as ~ 0.08-0.4 and (Fe+/N+)as ~ 0.005-0.01, < 0.05, and 0.03-0.06, 
respectively, assuming that all the [Si II] 35 fim and [Fe II] 26 nm emission originate from the 
ionized gas. For both group (a) and (b) targets, we derived (Si+/S^+)as and (Fe^+/S^"'")as 
to be 0.03-1 and < 0.08, respectively. We have suggested that those indicate roughly the 
elemental gas-phase abundance ratio of (Si/S)as and (Fe/S)as in most regions. Together with 
the estimates in the PDR gas, the results indicate that 3-100% of Si atoms and < 22% of 
Fe atoms are included in dust grains which are destroyed easily in the ionized or PDR gas 
in HlI regions by the UV radiation, or reside in mantles which are photodesorbed by UV 
photons, organometallic complexes, or in small grains. 



This work is based on observations made with the Spitzer Space Telescope, which is 
operated by the Jet Propulsion Laboratory, California Institute of Technology under a con- 



-18- 



tract with NASA. We thank T. L. RoeUig for his help in the reduction of the IRS data and 
providing data needed for the reduction. We also thank T. Kamizuka for providing some 
programs to reduce the IRS data. This work is supported in part by a Grant-in-Aid for 
Science Research from the Japan Society for the Promotion of Science (JSPS). 

REFERENCES 

Abel, N. R, Ferland, G. J., Shaw, G., & van Hoof, P. A. M. 2005, ApJS, 161, 65 

Anders, E., & Grevesse, N. 1989, Geochim. Cosmochim. Acta, 53, 197 

Angerhofer, P. E., Kundu, M. R., Becker, R. H., & Velusamy, T. 1977, A&A, 61, 285 

Asplund, M., Grevesse, N., & Sauval, A. J. 2005, Cosmic Abundances as Records of Stellar 
Evolution and Nucleosynthesis, 336, 25 

Baart, E. E., de Jager, G., & Mountfort, P. I. 1980, A&A, 92, 156 

Beckhn, E. E., Frogel, J. A., Neugebauer, G., Persson, S. E., & Wynn-WiUiams, C. G. 1973, 
ApJ, 182, L125 

Cartledge, S. I. B., Lauroesch, J. T., Meyer, D. M., & Sofia, U. J. 2006, ApJ, 641, 327 
Cartledge, S. I. B., Lauroesch, J. T., Meyer, D. M., & Sofia, U. J. 2004, ApJ, 613, 1037 
Chen, L., Hou, J. L., & Wang, J. J. 2003, AJ, 125, 1397 

Colgan, S. W. J., Haas, M. R., Erickson, E. F., Rubin, R. H., Simpson, J. P., & Russell, 
R. W. 1993, ApJ, 413, 237 

Condon, J. J., Cotton, W. D., Greisen, E. W., Yin, Q. F., Perley, R. A., Taylor, G. B., & 
Broderick, J. J. 1998, AJ, 115, 1693 

Conti, P. S., & Crowther, P. A. 2004, MNRAS, 355, 899 

Cowie, L. L. 1978, ApJ, 225, 887 

Daflon, S., & Cunha, K. 2004, ApJ, 617, 1115 

de Geus, E. J., Bronfman, L., & Thaddeus, P. 1990, A&A, 231, 137 
Draine, B. T. 2003, ARA&A, 41, 241 
Draine, B. T. 2003, ApJ, 598, 1017 



- 19- 

Esteban, C, Garcia-Rojas, J., Peimbert, M., Peimbert, A., Ruiz, M. T., Rodriguez, M., & 
Carigi, L. 2005, ApJ, 618, L95 

Fitzpatrick, E. L. 1996, ApJ, 473, L55 

Fuente, A., Martin-Pintado, J., Rodriguez- Fernandez, N. J., Cernicharo, J., & Gerin, M. 

2000, A&A, 354, 1053 

Fujiyoshi, T., Smith, C. H., Moore, T. J. T., Aitken, D. K., Roche, P. F., & Quinn, D. E. 
1998, MNRAS, 296, 225 

Fujiyoshi, T., Smith, C. H., Wright, C. M., Moore, T. J. T., Aitken, D. K., & Roche, P. F. 

2001, MNRAS, 327, 233 

Goss, W. M., & Shaver, P. A. 1970, Austrahan Journal of Physics Astrophysical Supplement, 
14, 1 

Grevesse, N., & Sauval, A. J. 1998, Space Science Reviews, 85, 161 
Haas, M. R., HoUenbach, D., & Erickson, E. F. 1991, ApJ, 374, 555 
Higdon, S. J. U., et al. 2004, PASP, 116, 975 

Holweger, H. 2001, AIP Conf. Proc. 598: Joint SOHO/ACE workshop "Solar and Galactic 
Composition", 598, 23 

Hou, J. L., Prantzos, N., & Boissier, S. 2000, A&A, 362, 921 

Houck, J. R., et al. 2004, ApJS, 154, 18 

Jenkins, E. B. 2004, Origin and Evolution of the Elements, 336 
Jensen, A. G., & Snow, T. P. 2007, ApJ, 669, 378 
Jones, A. P. 2000, J. Geophys. Res., 105, 10257 

Joseph, C. L., Snow, T. P., Jr., Scab, C. G., & Crutcher, R. M. 1986, ApJ, 309, 771 
Kaufman, M. J., Wolfire, M. G., & HoUenbach, D. J. 2006, ApJ, 644, 283 
Kessler, M. F., et al. 1996, A&A, 315, L27 

Klotz, A., Marty, P., Boissel, P., Serra, G., Chaudret, B., & Daudey, J. P. 1995, A&A, 304, 
520 



-20- 

Knauth, D. C, Meyer, D. M., & Lauroesch, J. T. 2006, ApJ, 647, L115 

Kutner, M. L., Miller, S. C, Evans, N. J., II, Tucker, K. D., & Guelin, M. 1979, ApJ, 227, 
121 

Lodders, K. 2003, ApJ, 591, 1220 

Martm-Hernandez, N. L., et al. 2002, A&A, 381, 606 

Marty, P., Serra, G., Chaudret, B., & Ristorcelli, 1. 1994, A&A, 282, 916 

Miller, A., Lauroesch, J. T., Sofia, U. J., Cartledge, S. I. B., & Meyer, D. M. 2007, ApJ, 
659, 441 

Mizutani, M., Onaka, T., & Shibai, H. 2004, A&A, 423, 579 
Nahar, S. N., & Pradhan, A. K. 1996, A&AS, 119, 509 

Okada, Y., Onaka, T., Nakagawa, T., Shibai, H., Tomono, D., & Yui, Y. Y. 2006, ApJ, 640, 
383 

Okada, Y., Onaka, T., Shibai, H., & Doi, Y. 2003, A&A, 412, 199 

Osterblock, D. E. 1989, Astrophysics of Gaseous Nebulae and Active Galactic Nuclei, Uni- 
versity Science Books, Mill Valley 

Peeters, E., et al. 2002, A&A, 381, 571 

Pilyugin, L. S., Ferrini, F., & Shkvarun, R. V. 2003, A&A, 401, 557 
Pottasch, S. R., & Bernard-Salas, J. 2006, A&A, 457, 189 
Quinet, P., Le Dourneuf, M., & Zeippen, C. J. 1996, A&AS, 120, 361 
Rodriguez, M. 2002, A&A, 389, 556 

RoUeston, W. R. J., Smartt, S. J., Dufton, P. L., & Ryans, R. S. 1. 2000, A&A, 363, 537 
Rosenthal, D., Bertoldi, F., & Drapatz, S. 2000, A&A, 356, 705 
Savage, B. D., & Sembach, K. R. 1996, ARA&A, 34, 279 
Sharpless, S. 1959, ApJS, 4, 257 

Shaver, P. A., & Goss, W. M. 1970, Australian Journal of Physics Astrophysical Supplement, 
14, 133 



Shaver, P. A., McGee, R. X., Newton, L. M., Danks, A. C, & Pottasch, S. R. 1983, MNRAS, 
204, 53 

Shibai, H. 1992, ISAS report no. 650 

Simpson, J. P., Rubin, R. H., Colgan, S. W. J., Erickson, E. F., & Haas, M. R. 2004, ApJ, 
611, 338 

Sofia, U. J., Cardelli, J. A., & Savage, B. D. 1994, ApJ, 430, 650 

Stolovy, S. R., Hcrtcr, T., Gull, G. E., Pirger, B., & Vogt, N. P. 1995, ASP Conf. Ser. 73: 
From Gas to Stars to Dust, 73, 469 

Subrahmanyan, R., Goss, W. M., & Malin, D. F. 2001, AJ, 121, 399 

Tielens, A. G. G. M. 1998, ApJ, 499, 267 

Timmermann, R., Bcrtoldi, F., Wright, C. M., Drapatz, S., Draine, B. T., Haser, L., & 
Sternberg, A. 1996, A&A, 315, L281 

van den Ancker, M. E., Tielens, A. G. G. M., & Wessehus, P. R. 2000, A&A, 358, 1035 

Verma, A., Lutz, D., Sturm, E., Sternberg, A., Genzel, R., & Vacca, W. 2003, A&A, 403, 
829 

Verner, E. M., Verner, D. A., Baldwin, J. A., Ferland, G. J., & Martin, P. G. 2000, ApJ, 
543, 831 

Vilchez, J. M., & Esteban, C. 1996, MNRAS, 280, 720 

Walmsley, C. M., Pineau des Forets, G., & Flower, D. R. 1999, A&A, 342, 542 
Weingartner, J. C, & Draine, B. T. 2001, ApJ, 548, 296 
Werner, M. W., et al. 2004, ApJS, 154, 1 
Whittet, D. C. B. 1974, MNRAS, 168, 371 

Whittet, D. C. B. 2003, Dust in the Galactic Environment Second Edition, Institute of 
Physics Publishing 

Young Owl, R. C., Meixner, M. M., Fong, D., Haas, M. R., Rudolph, A. L., & Tielens, 
A. G. G. M. 2002, ApJ, 578, 885 

Zhang, H. 1996, A&AS, 119, 523 



-22- 

Zhang, H. L., & Pradhan, A. K. 1995, A&A, 293, 953 



This preprint was prepared with the A AS IM^jX macros v5.2. 



- 23 - 



Table 1. Summary of the observed targets. 



Target 


module 


t'' [sec] 


Ar(Lyc)b [sec "i] 


Tle'^ [cm ^\ 


Reference 


group a 


S171 


SH/LH 


240/(1200 or 480) 


8.94 X 10-*** 


< 70 


1,2 


G333. 6-0.2 


SH/LH 


30/132 or 162/42 


2.69 X 10^0 


< 210 


3,4 


a See 


LH 


600 


3.5 X 10*5 


< 20 


5,6 


NGC 1977 


LH 


12 


4 X 10""^ 


102 


7,8 


group b 


GO. 572-0.628 


LH 


18 


1.1 X 10^" 


117 


6 


G3. 270-0.101 


LH 


216 


3.0 X 10^° 


31 


6 


G4.412+0.118 


LH 


288 


3.6 X lO^o 


38 


6 


G8. 137+0.228 


LH 


36 


3.0 X 10^0 


160 


6 


G32. 797-1-0.192 


LH 


180 


1.1 X 10^° 


102 


6 


G48.930-0.286 


LH 


84 


1.1 X 10^° 


117 


6 


G79.293-I-1.296 


LH 


48 


1.4 X 10-™ 


110 


6 


G347.611+0.2 


LH 


348 


2.8 X 10^0 


57 


6 


G351.467-0.462 


SH/LH 


12/84 


1.5 X 10^0 


64 


6 


G359.429-0.090 


LH 


126 


2.9 X 10^° 


93 


6 



Note. — Reference: (1) lOkada et al.l ll2003h; ( 2 ) lAngerhofer et al.l lll977l): (3) IColean et all lll993l): 
'41 IConti Sz Crowthej ll2q04h: ( 51 lOkada et all l|2006l ): (6) iBaart et al.l l|l980l ): (7) IGoss fc Shaver] 
Il970l) : f8) IShaver fc Gosd lll970h 

^On source integration time for each mapping position in second. 

''The number of Lyman continuum photon. 

'^Electron density. 



Table 2. LH line intensities without extinction correction. 



Target 


s# 




RA DEC 






Line intensities [10 


8 Wm-2sr-l] 












(J2000) 


[Arlll] 


[Felll] 


[Fell] H2 


[SlII] 


[Sill] 


[Nelll] 










22 /im 


23 /im 


26 /im 28 /im 


33 /im 


35 /im 


36 /tm 



group a 
S171 



G333.6-0.2 








0hlml8.56s 


67d23m0.51s 


0.43 


± 


0.03 


0.27 


± 


0.02 


0.13 


± 


0.02 


0.70 


± 


0.05 


43.88 


± 


0.22 


5.86 ± 0.38 


< 


0.72 


1 




0hlml6.68s 


67d22m43.72s 


0.42 


± 


0.03 


0.26 


± 


0.02 


0.13 


± 


0.03 


0.75 


± 


0.05 


44.04 




0.22 


6.45 ± 0.37 


< 


0.64 


2 




0hlml3.04s 


67d22m57.25s 


0.42 


± 


0.03 


0.26 


± 


0.02 


0.12 


± 


0.02 


0.78 


± 


0.05 


43.03 


± 


0.24 


6.27 ± 0.36 


< 


0.58 


3 




0hlml4.91s 


67d23ml4.07s 


0.42 


± 


0.03 


0.25 


± 


0.01 


0.11 


± 


0.02 


0.86 


± 


0.05 


42.20 


± 


0.21 


5.72 ± 0.35 


< 


0.65 


0-3 


p8'' 






0.42 


± 


0.03 


0.25 


± 


0.02 


0.12 


± 


0.02 


0.81 


± 


0.05 


43.33 


± 


0.21 


6.12 ± 0.36 


< 


0.64 


4 




0hlm9.08s 


67d22m36.03s 


0.46 


± 


0.05 


0.26 


± 


0.03 


0.11 


± 


0.04 


0.46 


± 


0.05 


37.15 


± 


0.50 


5.90 ± 0.14 


1.06 


± 0.10 


5 




Ohlm5.62s 


67d22m35.84s 


0.46 


± 


0.05 


0.27 


± 


0.03 


0.14 




0.04 


0.44 




0.05 


37.46 


± 


0.56 


6.01 ± 0.14 


1.01 


± 0.10 


6 




Ohlm5.57s 


67d23m0.83s 


0.47 


± 


0.05 


0.25 


± 


0.03 


0.15 


± 


0.04 


0.52 


± 


0.06 


39.00 


± 


0.51 


6.35 ± 0.17 


0.98 


± 0.11 


7 




0hlm9.04s 


67d23ml.03s 


0.45 


± 


0.05 


0.27 


± 


0.03 


0.12 


± 


0.04 


0.65 


± 


0.06 


39.80 


± 


0.51 


6.04 ± 0.17 


1.07 


± 0.11 


4-7 








0.46 


± 


0.05 


0.25 


± 


0.03 


0.13 


± 


0.04 


0.50 


± 


0.06 


38.39 


± 


0.52 


6.06 ± 0.16 


1.03 


± 0.10 


8 




0hlml.61s 


67d22m39.51s 


0.43 


± 


0.03 


0.21 


± 


0.01 


0.15 


± 


0.02 


0.37 


± 


0.04 


41.13 


± 


0.36 


7.41 ± 0.33 


< 


0.50 


9 




0h0m59.73s 


67d22m22.71s 


0.40 


± 


0.03 


0.22 


± 


0.01 


0.09 


± 


0.02 


0.29 


± 


0.04 


40.36 


± 


0.28 


6.80 ± 0.30 


< 


0.42 


10 




0ii0m56.09s 


67d22m36.26s 


0.37 


± 


0.03 


0.27 


± 


0.01 


0.09 


± 


0.01 


0.34 


± 


0.04 


38.07 


± 


0.26 


6.52 ± 0.20 


< 


0.41 


11 




0h0m57.96s 


67d22m53.07s 


0.38 


± 


0.03 


0.20 


± 


0.01 


0.16 


± 


0.02 


0.39 


± 


0.04 


38.54 




0.29 


7.78 ± 0.34 


< 


0.52 


8-11 


plO'' 






0.39 


± 


0.03 


0.22 


± 


0.01 


0.12 


± 


0.02 


0.33 


± 


0.04 


39.53 


± 


0.28 


7.08 ± 0.31 


< 


0.47 


12 




23h59m45.44s 


67d21m4.10s 


0.24 


± 


0.03 


0.25 


± 


0.02 


0.31 


± 


0.02 


1.13 


± 


0.04 


42.60 


± 


0.24 


15.33 ± 0.51 


< 


0.42 


13 




23h59m43.58s 


67d20m47.24s 


0.19 


± 


0.03 


0.22 


± 


0.02 


0.41 


± 


0.03 


1.23 


± 


0.04 


34.58 


± 


0.23 


15.69 ± 0.52 


< 


0.56 


14 




23h59m39.93s 


67d21m0.67s 


0.22 


± 


0.04 


o.ig 


± 


0.02 


0.36 


± 


0.02 


0.75 


± 


0.04 


33.46 


± 


0.18 


13.64 ± 0.47 


< 


0.44 


15 




23h59m41.79s 


67d21ml7.55s 


0.25 


± 


0.03 


0.22 


± 


0.02 


0.29 


± 


0.02 


0.98 


± 


0.04 


38.17 


± 


0.23 


14.54 ± 0.49 


< 


0.43 


12-15 


pig'' 






0.23 


± 


0.03 


0.22 


± 


0.01 


0.34 


± 


0.02 


1.00 


± 


0.04 


36.97 


± 


0.21 


14.84 ± 0.49 


< 


0.44 


16 




231i59m36.99s 


67d20m53.39s 


0.21 


± 


0.03 


0.12 


± 


0.02 


0.35 


± 


0.02 


0.71 




0.04 


28.34 


± 


0.19 


10.93 ± 0.37 


< 


0.42 


17 




23h59m35.13s 


67d20m36.54s 


0.22 


± 


0.03 


o.og 


± 


0.02 


0.30 


± 


0.01 


2.48 


± 


0.05 


24.23 


± 


0.14 


10.53 ± 0.40 


< 


0.48 


18 




23h59m31.48s 


67d20m49.97s 


0.19 


± 


0.03 


0.13 


± 


0.02 


0.24 


± 


0.02 


2.92 


± 


0.06 


21.02 


± 


0.15 


8.99 ± 0.37 


< 


0.44 


19 




23h59m33.34s 


67d21m6.85s 


0.15 


± 


0.03 


0.11 


± 


0.02 


0.37 


± 


0.03 


1.44 


± 


0.04 


22.05 


± 


0.14 


11.54 ± 0.42 


< 


0.39 


16-19 


p20'' 






0.18 


± 


0.03 


0.11 


± 


0.02 


0.31 


± 


0.02 


1.86 


± 


0.05 


23.65 


± 


0.14 


10.42 ± 0.38 


< 


0.41 


20 




231i59m28.54s 


67d20m42.59s 


0.21 




0.03 


0.11 




0.02 


0.38 


± 


0.03 


1.61 




0.05 


23.24 


± 


0.19 


10.66 ± 0.40 


< 


0.42 


21 




23h59m26.68s 


67d20m25.74s 


0.14 


± 


0.02 


o.og 


± 


0.02 


0.51 


± 


0.02 


2.73 


± 


0.06 


22.08 


± 


0.21 


15.47 ± 0.56 


< 


0.67 


22 




23h59m23.03s 


67d20m39.18s 


0.12 


± 


0.03 


0.08 


± 


0.02 


0.73 


± 


0.04 


2.91 


± 


0.08 


17.08 


± 


0.20 


20.96 ± 0.62 


< 


0.94 


23 




23h59m24.89s 


67d20m56.05s 


0.21 


± 


0.03 


0.07 


± 


0.02 


0.42 


± 


0.02 


1.35 


± 


0.05 


23.56 


± 


0.16 


11.68 ± 0.43 


< 


0.52 


20-23 


p2l'> 






0.17 


± 


0.02 


0.08 


± 


0.02 


0.49 


± 


0.02 


2.18 


± 


0.05 


21.93 


± 


0.15 


14.56 ± 0.51 


< 


0.65 







161i22m5.48s 


-50d5m40.17s 


< 


4.22 


12.61 ± 1.44 


20.41 ± 1.57 


< 


9.95 


592.89 


± 


15.50 


452.53 ± 31.03 


< 63.66 


1 




16h22m4.35s 


-50d5m23.40s 


g.5i 


± 2.27 


19.87 ± 1.05 


12.34 ± 1.80 


< 


7.26 


1272.78 


. ± 17.68 


433.28 ± 24.93 


< 39.07 



Table 2 — Continued 



Target 


s# 




RA DEC 






Line intensities [10 


8 Wm-^sr-l] 












(J2000) 


[Arlll] 


[Felll] 


[Fell] H2 


[SIII] 


[Sill] 


[Nelll] 










22 /im 


23 /nm 


26 /nm 28 /im 


33 jUm 


35 jUm 


36 /um 



2 




16h22m6.53s 


-50d5m9.75s 


29.06 ± 6.36 


46.31 ± 6.14 


< 19.51 


< 18.78 


2165.74 ± 24.89 


484.31 ± 34.90 


< 68.37 


3 




16h22m7.66s 


-50d5m26.58s 


< 6.32 


33.91 ± 2.50 


23.94 ± 4.16 


< 18.79 


1293.76 ± 27.70 


564.37 dz 45.62 


< 88.70 


0-3 








12.74 ± 3.40 


28.50 ± 2.53 


19.60 ± 3.61 


< 13.17 


1304.98 ± 23.06 


483.59 ± 32.50 


< 64.60 


4 




16h22m9.73s 


-50d4m49.39s 


17.40 ± 3.33 


< 21.40 


< 10.76 


< 12.90 


1141.71 ± 9.86 


275.55 ± 6.50 


< 16.14 


5 




16h22ml0.97s 


-50d5m5.48s 


21.24 ± 3.78 


34.70 ± 4.08 


13.44 ± 4.38 


< 11.58 


1549.81 ± 18.49 


458.53 ± 10.23 


< 19.85 


6 




16h22m8.89s 


-50d5m20.45s 


< 16.94 


< 25.21 


< 20.56 


< 24.80 


1132.36 ± 19.18 


483.44 ± 11.56 


< 31.26 


7 




16h22m7.65s 


-50d5m4.45s 


59.63 ± 11.73 


54.98 ± 8.67 


< 40.52 


< 36.21 


2122.42 ± 55.59 


516.86 ± 12.01 


33.04 ± 10.41 


4-7 


Nl'^ 






19.84 ± 5.96 


22.22 ± 7.02 


< 28.80 


< 17.06 


1329.90 ± 27.62 


483.29 ± 9.54 


< 23.66 


8 




16h22m9.72s 


-50d3m49.55s 


4.89 ± 0.74 


4.02 ± 1.02 


2.23 ± 0.62 


< 2.22 


488.39 ± 4.65 


178.10 ± 4.54 


3.75 ± 1.07 


9 




16h22ml0.97s 


-50d4m5.44s 


4.63 ± 0.62 


4.34 ± 0.89 


< 2.59 


4.55 ± 1.40 


528.11 ± 5.54 


182.99 ± 4.53 


< 4.43 


10 




16h22m8.89s 


-50d4m20.42s 


< 9.65 


< 8.36 


< 3.47 


< 5.22 


699.30 ± 8.52 


189.92 ± 4.60 


< 6.37 


11 




16h22m7.65s 


-50d4m4.43s 


6.45 ± 1.50 


4.64 ± 1.40 


< 3.48 


< 3.77 


500.81 ± 5.39 


166.20 ± 4.41 


4.80 ± 1.11 


8-11 


N2'^ 






6.31 ± 1.41 


4.53 ± 1.32 


< 3.43 


< 3.56 


536.16 ± 6.56 


181.35 ± 4.51 


< 4.29 


12 




16h22m9.72s 


-50d2m49.54s 


2.35 ± 0.24 


6.03 ± 0.22 


2.75 ± 0.26 


3.16 ± 0.26 


336.14 ± 3.77 


185.98 ± 4.51 


< 1.71 


13 




16h22ml0.97s 


-50d3m5.45s 


3.08 ± 0.39 


5.21 ± 0.26 


2.38 ± 0.25 


3.51 ± 0.37 


402.81 ± 3.94 


187.88 ± 4.81 


< 2.04 


14 




16h22m8.89s 


-50d3m20.42s 


2.29 ± 0.26 


3.10 ± 0.32 


1.57 ± 0.26 


3.50 ± 0.39 


306.58 ± 2.95 


158.15 ± 4.07 


< 1.80 


15 




16h22m7.65s 


-50d3m4.41s 


2.11 ± 0.23 


4.35 ± 0.18 


2.15 ± 0.21 


3.17 ± 0.28 


336.33 ± 2.92 


208.05 ± 5.13 


< 1.36 


12-15 


N3'= 






2.47 ± 0.24 


4.54 ± 0.21 


2.25 ± 0.25 


3.32 ± 0.29 


340.61 ± 3.17 


188.98 ± 4.68 


< 1. 







16h20ml0.37s 


-25d21m33.85s 


< 0.07 


< 0.10 


0.11 ± 0.03 


0.24 ± 0.03 


0.55 


± 0.08 


1.13 ± 0.09 


< 0.18 


1 




16h20mll.23s 


-25d21m50.06s 


< 0.08 


< 0.09 


0.09 ± 0.03 


0.25 ± 0.03 


0.60 


± 0.09 


1.13 ± 0.09 


< 0.17 


2 




16h20m9.74s 


-25d22m4.66s 


< 0.07 


< 0.09 


0.11 ± 0.03 


0.26 ± 0.03 


0.58 


± 0.10 


1.25 ± 0.10 


< 0.15 


3 




16h20m8.88s 


-25d21m48.42s 


< 0.06 


< 0.09 


0.11 ± 0.03 


0.25 ± 0.03 


0.62 


± 0.11 


1.26 ± 0.09 


< 0.16 


0-3 








< 0.06 


< 0.09 


0.10 ± 0.03 


0.25 ± 0.03 


0.58 


± 0.10 


1.22 ± 0.10 


< 0.16 


4 




16h20m29.19s 


-25d25m47.91s 


< 0.08 


< 0.10 


< 0.03 


0.13 ± 0.03 


0.96 


± 0.10 


0.99 ± 0.11 


< 0.17 


5 




16h20m30.06s 


-25d26m4.15s 


< 0.07 


< 0.09 


< 0.04 


0.15 ± 0.03 


0.94 


± 0.11 


0.99 ± 0.09 


< 0.19 


6 




16h20m28.56s 


-25d26ml8.76s 


< 0.07 


< 0.10 


< 0.04 


0.14 ± 0.03 


0.90 


± 0.10 


0.93 ± 0.09 


< 0.18 


7 




16h20m27.69s 


-25d26m2.54s 


< 0.07 


< 0.09 


< 0.04 


0.15 ± 0.02 


0.91 


± 0.10 


0.96 ± 0.09 


< 0.21 


4-7 


p9<^ 






< 0.07 


< 0.09 


< 0.03 


0.14 ± 0.03 


0.93 


± 0.10 


0.97 ± 0.10 


< 0.18 


8 




16h20m38.61s 


-25d27m55.01s 


< 0.07 


< 0.10 


< 0.03 


0.10 ± 0.03 


0.95 


± 0.11 


0.85 ± 0.10 


< 0.20 


9 




16h20m39.48s 


-25d28mll.25s 


< 0.07 


< 0.10 


< 0.04 


0.11 ± 0.03 


0.88 


± 0.11 


0.82 ± 0.11 


< 0.18 


10 




16h20m37.98s 


-25d28m25.86s 


< 0.06 


< 0.11 


< 0.03 


0.12 ± 0.02 


0.91 


± 0.10 


0.83 ± 0.10 


< 0.16 


11 




16h20m37.11s 


-25d28m9.65s 


< 0.06 


< 0.12 


< 0.03 


0.10 ± 0.03 


0.97 


± 0.10 


0.93 ± 0.10 


< 0.19 


8-11 


plO'l 






< 0.06 


< 0.11 


< 0.03 


0.11 ± 0.02 


0.93 


± 0.10 


0.86 ± 0.10 


< 0.17 



Table 2 — Continued 



Target 



RA 



DEC 



Line intensities [10 



(J2000) 


[Arlll] 


[Felll] 




[Fell] 






Ha 


[SIII] 




[Sill] 




[Nelll] 






22 


/im 


23 jUm 




26 nm 






28 /im 


33 jUm 




35 /im 




36 /im 


51i35nil0.43s 


-4d54m44.26s 


< 


0.35 


< 


0.32 


2, 


.50 


± 


0. 


12 


0, 


.87 


± 0.23 


< 


1.41 


26, 


.11 


± 


1, 


.10 


< 2.24 


5h35mll.49s 


-4d54m56.29s 


< 


0.28 


< 


0.42 


2, 


.50 


± 


0. 


14 


1, 


.02 


± 0.20 


< 


1.63 


29, 


,73 


± 


1, 


.37 


< 3.12 


5h35ml0.49s 


-4d55ml6.20s 


< 


0.22 


< 


0.36 


1, 


.33 


± 


0. 


,14 


1, 


.26 


± 0.17 


< 


1.40 


20, 


,36 


± 


0, 


.98 


< 2.32 


5h35m9.42s 


-4d55m4.19s 


< 


0.27 


< 


0.39 


1, 


.47 


± 


0. 


14 


2, 


.21 


± 0.14 


< 


1.37 


22, 


.02 


± 


1, 


.10 


< 3.29 






< 


0.21 


< 


0.29 


2, 


.01 


± 


0. 


10 


1, 


.24 


± 0.15 


< 


1.20 


24, 


,53 


± 


1, 


.09 


< 2.27 


5h35m6.51s 


-4d53m32.02s 


< 


0.30 


< 


0.35 


1, 


.81 


± 


0. 


16 


1, 


.14 


± 0.25 


< 


1.63 


21. 


,72 


± 


1, 


.20 


< 3.50 


5h35m7.58s 


-4d53m43.99s 


< 


0.23 


< 


0.30 


1, 


.87 


± 


0. 


18 




< 


0.58 


< 


1.83 


23, 


.33 


± 


1, 


.23 


< 3.68 


5h35m6.57s 


-4d54m3.93s 


< 


0.49 


< 


0.38 


2, 


.02 


± 


0. 


14 


1, 


.99 


± 0.17 


< 


1.20 


22, 


,79 


± 





.99 


< 3.06 


5h35m5.50s 


-4d53m51.89s 


< 


0.28 


< 


0.35 


2, 


.24 


± 


0. 


13 


2, 


.71 


± 0.25 


< 


1.51 


24, 


,75 


± 


1 


.29 


< 2.49 






< 


0.22 


< 


0.27 


2, 


.03 


± 


0. 


12 


1, 


.54 


± 0.21 


< 


1.50 


22, 


.93 


± 


1 


.06 


< 2.87 


5h35m5.11s 


-4d53m52.84s 


< 


0.34 


< 


0.26 


2, 


.12 


± 


0. 


15 


2, 


.03 


± 0.20 


< 


1.37 


22, 


,30 


± 


1, 


.04 


< 3.25 


5h35m6.18s 


-4d54m4.92s 


< 


0.31 


< 


0.29 


1, 


.79 


± 


0. 


13 


2 


.04 


± 0.20 


< 


1.33 


23, 


,66 


± 





.95 


< 2.83 


5h35m5.17s 


-4d54m24.80s 


< 


0.27 


< 


0.26 


1, 


.44 


± 


0, 


13 


1, 


.21 


± 0.18 


< 


1.09 


18, 


,71 


± 





.77 


< 2.07 


51i35m4.11s 


-4d54ml2.79s 


< 


0.22 


< 


0.30 


1, 


.56 


± 


0. 


15 


1, 


.00 


± 0.16 


< 


1.15 


17 


.09 


± 


0, 


.67 


< 1.83 






< 


0.20 


< 


0.20 


1, 


.70 


± 


0. 


12 


1, 


.56 


± 0.15 


< 


0.99 


20, 


,19 


± 





.85 


< 2.25 



NGC 1977 




1 

2 

3 
0-3 

4 

5 

6 

7 
4-7 

8 

9 

10 

11 
8-11 



[ClI]"^ 



[Ol]f 



[Ol]8 



group b 



GO.572-0.628 



G3.270-0.101 



G4.412+0.118 






17h49m27. 


,51s 


-28d46m41.20s 


4, 


.70 


± 


0. 


,20 


0.55 


± 0.18 


< 


0.46 


2, 


.53 


± 


0. 


.36 


459.85 ± 


4.98 


184.76 ± 4.18 


3, 


,96 


± 0.45 


1 


17h49m27. 


.90s 


-28d46m36.01s 


4, 


,90 


± 


0. 


.17 


< 


0.57 


0.59 


± 0.19 


2, 


.36 




0. 


.33 


477.74 ± 


4.63 


192.38 ± 4.12 


4, 


,13 


± 0.40 


2 


17h49m27, 


,51s 


-28d46mll.l3s 


4, 


.11 


± 


0, 


,24 


< 


0.56 


< 


0.80 


2, 


.32 


± 


0, 


,37 


368.34 ± 


2.94 


118.93 ± 2.45 


5, 


.60 


± 0.41 


3 


17h49m27, 


,90s 


-28d46m5.99s 


3, 


,71 




0, 


,22 


< 


0.69 


< 


0.54 


2, 


.31 


± 


0, 


,35 


352.23 ± 


3.31 


114.50 ± 2.38 


6, 


,05 


± 0.57 


4 


17h49m27, 


,51s 


-28d45m41.12s 


2, 


,96 


± 


0, 


,44 


< 


0.82 


< 


0.75 


2, 


.51 


± 


0, 


,45 


242.27 ± 


2.51 


61.12 


± 


1.25 


6, 


,66 


± 0.58 


5 


171i49m27, 


,90s 


-28d45m35.99s 


2, 


,99 


± 


0, 


,36 


< 


0.94 


< 


0.87 


2, 


.35 


± 


0, 


,52 


243.49 ± 


2.50 


60.89 


± 


1.34 


5, 


,92 


± 0.67 


6 


17h49m27, 


,51s 


-28d45mll.lls 


3, 


.21 


± 


0, 


.35 


< 


1.10 


< 


1.00 


2, 


.28 


± 


0, 


.39 


266.13 ± 


3.03 


81.54 


± 


1.67 


6, 


.01 


± 0.59 


7 


17h49m27, 


,90s 


-28d45m5.98s 


3, 


.85 


± 


0, 


,32 


< 


0.72 


< 


0.81 


2 


.12 


± 


0, 


,56 


291.83 ± 


3.32 


85.77 


± 


1.72 


6, 


,80 


± 0.71 





17h53m38, 


,02s 


-26dl0m51.82s 


1, 


,07 




0, 


,12 


0.61 


± 0.12 


0.55 


± 0.15 


4, 


.18 


± 


0, 


,32 


158.82 ± 


1.67 


41.32 


± 


0.95 




< 


1.09 


1 


17h53m38, 


,39s 


-26dl0m46.58s 


1, 


,06 




0, 


,11 


0.61 


± 0.13 


0.51 


± 0.13 


4, 


.30 


± 


0, 


,35 


163.48 ± 


1.69 


41.87 


± 


1.00 




< 


0.99 


2 


17h53m35, 


,41s 


-26dllml6.64s 


1, 


,04 




0, 


,23 


< 


0.52 


< 


0.60 


4, 


.18 


± 


0, 


,35 


130.03 ± 


1.22 


27.73 




0.70 


1, 


,69 


± 0.37 


3 


17h53m35, 


,79s 


-26dllmll.62s 


1, 


.06 


± 


0, 


.24 


< 


0.60 


< 


0.69 


4, 


.25 


± 


0, 


.36 


128.91 ± 


1.43 


30.56 


± 


0.74 


1, 


.54 


± 0.35 


4 


17h53m32. 


.82s 


-26dllm41.61s 


0, 


,65 


± 


0, 


.11 


0.41 


± 0.13 


< 


0.25 


3, 


.85 




0, 


,13 


99.34 ± 1.15 


17.45 


± 


0.47 




< 


0.96 


5 


17h53m33. 


.20s 


-26dllm36.58s 


0, 


,72 


± 


0, 


.11 


< 


0.48 


< 


0.28 


4, 


.00 


± 


0, 


.14 


109.02 ± 1.24 


19.05 


± 


0.50 


1, 


,04 


± 0.29 


6 


17h53m30, 


,21s 


-26dl2m6.65s 


0, 


.46 


± 


0, 


,11 


< 


0.42 


< 


0.24 


3 


.71 


± 


0, 


,15 


90.71 ± 1.06 


21.71 


± 


0.51 




< 


0.84 


7 


17h53m30, 


,60s 


-26dl2ml.57s 


0, 


,63 


± 


0, 


,10 


< 


0.45 


< 


0.36 


3, 


.67 


± 


0, 


,19 


100.29 ± 1.07 


21.37 


± 


0.49 




< 


0.83 





17h55m20, 


,89s 


-25d4m42.40s 


1, 


,57 


± 


0, 


,19 


0.74 


± 0.09 


< 


0.29 


2, 


.16 


± 


0, 


,22 


238.49 ± 1.71 


41.65 


± 


2.16 




< 


3.73 



Table 2 — Continued 



Target 




RA DEC 






Line intensities [10 


8 Wm-^sr-l] 










(J2000) 


[Arlll] 


[Felll] 


[Fell] H2 


[slll] 


[Sill] 


[Nelll] 








22 /im 


23 /im 


26 /im 28 /im 


33 /im 


35 /im 


36 /tm 



G8.137+0.228 



G32.797+0.192 



G48.930-0.286 



G79.293+1.296 



1 


17h55m20.51s 


-25d4m47.46s 


1.52 ± 0.18 


0.59 ± 0.15 


< 0.43 


2.26 ± 0.26 


205.74 ± 1.48 


38.45 ± 2.13 


< 3.80 


2 


171i55ml9.40s 


-25d4m47.46s 


2.78 ± 0.39 


< 1.03 


< 0.78 


2.01 ± 0.46 


345.77 ± 2.83 


48.99 ± 3.78 


< 6.37 


3 


17h55ml9.01s 


-25d4m52.43s 


3.48 ± 0.80 


< 1.95 


< 1.87 


< 2.44 


360.08 ± 2.78 


45.60 ± 3.90 


< 6.93 


4 


17h55ml7.90s 


-25d4m52.47s 


3.34 ± 1.05 


< 2.45 


< 2.35 


< 2.45 


550.53 ± 4.98 


88.72 ± 4.82 


< 9.88 


5 


17h55ml7.51s 


-25d4m57.41s 


3.09 ± 0.92 


2.42 ± 0.76 


< 2.31 


< 2.07 


493.67 ± 3.06 


75.07 ± 4.20 


< 9.38 


6 


17h55ml6.40s 


-25d4m57.47s 


2.05 ± 0.33 


1.49 ± 0.25 


< 0.87 


2.43 ± 0.45 


342.38 ± 2.28 


64.08 ± 2.69 


< 4.50 


7 


17h55ml6.01s 


-25d5m2.44s 


1.72 ± 0.40 


1.17 ± 0.30 


< 0.99 


2.41 ± 0.47 


289.79 ± 2.50 


53.37 ± 2.24 


< 3.95 





18h3m0.82s 


-21d48ml3.30s 


< 13.70 


18.85 ± 5.30 


8.74 ± 2.57 


< 15.05 


872.71 ± 20.11 


138.58 ± 6.14 


38.97 ± 9.20 


1 


18h3ml.l9s 


-21d48m8.24s 


24.27 ± 6.27 


32.80 ± 9.62 


< 14.22 


26.26 ± 6.85 


1231.38 ± 24.88 


175.79 ± 6.22 


56.76 ± 10.39 


2 


18h2m58.82s 


-21d48ml3.24s 


8.19 ± 1.21 


6.80 ± 1.24 


< 2.91 


4.08 ± 1.34 


515.63 ± 6.04 


100.90 ± 2.46 


8.05 ± 2.50 


3 


18h2m59.19s 


-21d48m8.26s 


7.80 ± 1.03 


5.48 ± 0.82 


4.81 ± 1.03 


< 3.07 


526.44 ± 7.10 


116.54 ± 2.36 


9.61 ± 3.00 


4 


18h2m56.82s 


-21d48ml3.21s 


2.43 ± 0.32 


2.81 ± 0.42 


2.25 ± 0.32 


3.02 ± 0.43 


272.88 ± 3.44 


80.75 ± 1.53 


< 2.46 


5 


18h2m57.19s 


-21d48m8.25s 


3.07 ± 0.36 


2.98 ± 0.47 


2.51 ± 0.41 


2.82 ± 0.47 


308.75 ± 4.06 


84.89 ± 1.86 


< 2.96 


6 


18h2m54.82s 


-21d48ml3.24s 


1.37 ± 0.15 


2.08 ± 0.21 


1.85 ± 0.18 


2.66 ± 0.22 


210.20 ± 2.32 


75.96 ± 1.73 


< 1.70 


7 


18h2m55.19s 


-21d48m8.24s 


1.90 ± 0.13 


2.13 ± 0.17 


2.06 ± 0.20 


2.77 ± 0.24 


245.75 ± 2.41 


82.61 ± 1.97 


< 1.83 





18h50m31.32s 


0dlm49.21s 


< 17.83 


< 18.94 


< 20.14 


< 27.91 


412.74 ± 16.08 


182.67 ± 34.00 


< 99.17 


1 


^ 18h50m31.02s 


0dlm54.88s 


< 26.80 


< 28.07 


< 38.68 


< 43.62 


422.10 ± 31.67 


266.56 ± 52.70 


< 165.70 


2 


18h50m31.32s 


0d2ml9.22s 


0.58 ± 0.12 


0.74 ± 0.20 


1.84 ± 0.36 


1.82 ± 0.50 


40.78 ± 2.01 


37.74 ± 2.94 


< 8.94 


3 


18h50m31.02s 


0d2m24.85s 


< 0.44 


< 0.60 


1.37 ± 0.32 


2.59 ± 0.37 


22.72 ± 1.56 


27.36 ± 1.59 


< 7.08 


4 


18h50m31.32s 


0d2m49.21s 


< 0.14 


< 0.21 


0.32 ± 0.07 


2.26 ± 0.10 


6.86 ± 0.21 


9.37 ± 0.46 


< 1.30 


5 


18h50m31.02s 


0d2m54.88s 


< 0.16 


< 0.22 


0.26 ± 0.07 


2.29 ± 0.11 


6.43 ± 0.23 


9.08 ± 0.45 


< 1.24 





19h22ml4.40s 


14d3m3.14s 


22.24 ± 0.56 


12.75 ± 0.44 


5.79 ± 0.40 


< 3.65 


1065.36 ± 17.07 


188.55 ± 8.69 


81.83 ± 10.21 


1 


19h22ml4.78s 


14d3m7.97s 


18.51 ± 0.39 


13.07 ± 0.45 


6.16 ± 0.51 


< 3.65 


951.25 ± 9.24 


179.55 ± 8.24 


67.57 ± 9.26 


2 


19h22ml4.41s 


14d3m33.10s 


10.82 ± 0.27 


8.59 ± 0.24 


4.67 ± 0.45 


< 1.97 


676.77 ± 11.10 


153.24 ± 6.08 


32.06 ± 6.32 


3 


19h22ml4.78s 


14d3m37.98s 


12.84 ± 0.41 


10.54 ± 0.33 


4.76 ± 0.55 


< 2.37 


770.98 ± 17.05 


159.63 ± 6.65 


34.60 ± 7.09 


4 


19h22ml4.41s 


14d4m3.03s 


15.18 ± 0.38 


10.34 ± 0.41 


7.96 ± 0.47 


< 3.50 


877.91 ± 12.99 


232.37 ± 10.74 


43.24 ± 11.65 


5 


19h22ml4.77s 


14d4m8.01s 


13.29 ± 0.45 


9.41 ± 0.51 


8.96 ± 0.62 


< 3.66 


800.88 ± 13.64 


229.16 ± 9.61 


37.77 ± 9.20 


6 


19h22ml4.41s 


14d4m33.10s 


2.53 ± 0.11 


2.60 ± 0.13 


3.10 ± 0.12 


1.88 ± 0.35 


244.65 ± 1.94 


86.71 ± 2.98 


< 6.83 


7 


19h22ml4.77s 


14d4m38.00s 


2.01 ± 0.08 


1.90 ± 0.11 


2.55 ± 0.13 


2.04 ± 0.35 


210.41 ± 2.61 


75.33 ± 2.91 


< 5.93 





20h28m8.83s 


40d52ml7.95s 


9.47 ± 0.55 


3.73 ± 0.14 


1.00 ± 0.24 


< 1.66 


635.03 ± 4.78 


64.08 ± 3.59 


67.42 ± 6.41 


1 


20h28m9.18s 


40d52m24.07s 


10.07 ± 0.72 


4.82 ± 0.34 


< 1.46 


< 2.35 


664.36 ± 5.72 


68.40 ± 4.86 


69.30 ± 8.35 


2 


20h28m8.13s 


40d51m48.03s 


12.03 ± 0.83 


4.09 ± 0.50 


5.-58 ± 0.63 


< 2.81 


758.90 ± 4.67 


101.17 ± 6.25 


89.07 ± 10.67 


3 


20h28m8.47s 


40d51m54.08s 


12.13 ± 0.83 


4.98 ± 0.51 


6.55 ± 0.64 


< 2.83 


751.05 ± 3.81 


107.94 ± 5.72 


85.70 ± 8.07 



Table 2 — Continued 



Target 



s# cV 



RA 



DEC 



Line intensities [10 * W m ^ sr 





(J2000) 


[Ar III] 


[Felll] 




[Fell] 


H2 




[SIII] 






[Sill] 


[Nelll] 








22 




23 /im 




26 /im 


28 


33 fiiii 




35 


36 fim 


4 


20h28m7.83s 


40d51ml8.03s 


11.06 ± 0.79 


2.20 ± 0.47 




< 


0.85 


< 


2.28 


659, 


,60 


± 


4, 


,31 


47.32 ± 3.71 


85.03 ± 7.08 


5 


20h28m8.17s 


40d51m24.08s 


10.76 ± 0.49 


2.56 ± 0.26 




< 


0.70 


< 


2.19 


620, 


,02 


± 


3, 


,21 


38.83 ± 3.59 


85.64 ± 6.65 


6 


20h28m7.13s 


40d50m48.01s 


4.11 


± 0.28 


1.13 ± 0.21 


1, 


,49 


± 0.13 


1.43 


± 0.44 


372, 


,17 


± 


3, 


,37 


65.32 ± 3.22 


38.66 ± 4.60 


7 


20h28m7.48s 


40d50m54.09s 


5.44 


± 0.29 


1.33 ± 0.35 


1, 


.30 


± 0.16 


< 


1.59 


454, 


.20 


± 


2, 


,97 


70.30 ± 3.50 


48.79 ± 5.57 





17hllm26.01s 


-39d9ml7.80s 


< 


5.08 


6.21 ± 1.51 




< 


4.93 


< 


5.85 


499, 


.40 


± 


6, 


,33 


224.08 ± 6.05 


< 5.85 


1 


17hllm26.45s 


-39d9ml2.87s 


< 


3.70 


< 3.98 




< 


5.39 


< 


6.05 


506, 


.73 


± 


7, 


,78 


202.38 ± 5.84 


< 6.28 


2 


17hllm28.00s 


-39d9ml7.82s 


5.20 


± 


1.03 


7.36 ± 1.57 


4, 


.61 


± 1.16 


< 


4.20 


872, 


,12 


± 


9, 


,23 


224.30 ± 4.78 


< 8.03 


3 


17hllm28.45s 


-39d9ml2.85s 


5.36 


± 


1.18 


8.80 ± 1.16 


3, 


.47 


± 1.13 


< 


3.79 


867, 


,92 




8, 


,88 


209.42 ± 5.17 


< 6.53 


4 


17hllm30.00s 


-39d9ml7.81s 


5.70 


± 


0.94 


8.40 ± 0.65 




< 


2.36 


4.46 


± 1.13 


549, 


,52 


± 


7, 


,12 


73.04 ± 2.15 


< 3.64 


5 


17hllm30.45s 


-39d9ml2.88s 


5.97 


± 


0.90 


10.06 ± 0.74 




< 


2.08 


4.76 


± 1.10 


587, 


,98 


± 


7, 


,50 


73.57 ± 2.16 


< 3.82 


6 


17hllm32.00s 


-39d9ml7.78s 


1.77 


± 


0.44 


3.19 it 0.36 




< 


1.38 


3.20 


± 0.59 


221, 


,26 


± 


3, 


,65 


34.39 ± 1.13 


< 1.70 


7 


17hllm32.45s 


-39d9ml2.85s 


1.90 


± 


0.45 


3.34 ± 0.37 




< 


1.35 


2.90 


± 0.60 


237, 


,64 


± 


4, 


,34 


34.87 ± 1.19 


< 1.73 





' 17h25m31.80s 


-36d21m52.47s 


8.69 


± 


0.63 


11.13 ± 0.58 


4, 


,55 


± 0.84 


< 


3.99 


828, 


,56 


± 


7, 


,07 


122.90 ± 8.10 


< 18.32 


1 


17h25m32.21s 


-36d21m47.33s 


8.56 


± 


0.84 


10.32 ± 1.08 


4, 


,24 


± 0.68 


< 


3.29 


739, 


,57 


± 


5, 


,30 


108.52 ± 6.07 


< 16.06 


2 


17h25m33.79s 


-36d21m52.52s 


4.54 


± 


0.38 


5.88 


± 0.45 


3, 


,90 


± 0.42 


< 


1.68 


488, 


,36 


± 


3, 


,15 


104.64 ± 4.40 


< 9.70 


3 


17h25m34.21s 


-36d21m47.34s 


2.68 


± 


0.21 


3.82 


± 0.25 


3, 


,12 


± 0.22 


1.42 


± 0.39 


349, 


.27 


± 


2, 


,15 


90.73 ± 3.34 


< 6.66 


4 


17h25m35.79s 


-36d21m52.50s 


0.56 


± 


0.08 


1.92 


± 0.10 


1, 


,74 


± 0.14 


1.38 


± 0.19 


181, 


,98 


± 


1, 


,58 


59.49 ± 1.96 


< 3.03 


5 


17h25m36.21s 


-36d21m47.33s 


0.46 


± 


0.06 


1.38 


± 0.08 


1, 


,43 


± 0.09 


1.29 


± 0.13 


146, 


.55 


± 


0, 


,87 


52.12 ± 1.62 


< 2.37 





17h44m36.16s 


-29d28m0.16s 


< 


5.43 


7.06 


± 1.70 


7, 


,20 


± 2.37 


< 


7.50 


566, 


,28 


± 


7, 


,49 


280.89 ± 8.54 


< 11.35 


1 


17h44m36.56s 


-29d27m55.08s 


< 


5.13 


5.25 


± 1.73 




< 


6.15 


< 


7.13 


539, 


,58 


± 


6, 


,59 


294.23 ± 8.50 


< 10.59 


2 


17h44m34.27s 


-29d28m30.16s 


< 


3.10 


5.25 


± 0.90 


7, 


,26 


± 1.00 


6.53 


± 1.72 


235, 


,23 




5, 


,03 


265.74 ± 8.62 


< 6.61 


3 


17h44m34.66s 


-29d28m25.07s 


< 


1.15 


3.33 


± 0.84 


7, 


,44 


± 1.25 


8.30 


± 1.51 


316, 


,56 


± 


6, 


,39 


306.54 ± 9.55 


< 7.96 


43 


17h44m32.37s 


-29d29m0.14s 


< 


0.90 


2.13 


± 0.38 


3, 


,53 


± 0.41 


6.85 


± 0.47 


112, 


,41 


± 


1, 


,95 


159.65 ± 5.87 


< 3.15 


5j 


17h44m32.76s 


-29d28m55.10s 


< 


0.92 


2.15 


± 0.47 


3, 


,90 


± 0.43 


6.90 


± 0.54 


105, 


,27 


± 


1, 


,91 


161.79 ± 5.88 


< 3.47 


& 


17h44m30.47s 


-29d29m30.16s 


< 


0.46 


1.36 


± 0.15 


2, 


,93 


± 0.38 


6.39 


± 0.44 


106, 


.38 


± 


1, 


,81 


112.73 ± 4.32 


< 2.38 


7j 


17h44m30.86s 


-29d29m25.11s 


< 


0.39 


1.37 


± 0.15 


2, 


,75 


± 0.38 


6.50 


± 0.41 


113, 


,95 


± 


2, 


,11 


118.74 ± 4.65 


< 2.58 



G347.611+0.2 



G351. 467-0.462 



G359.429-0.090 



''Identifiers in previous work. 
•^Position in lOkada et al.l ll2003h . 
'^Position in ISimpson et~al] l|2004l '). 
^Position in lOkada et al.l ll2006h . 



"[ClI] peak position in I Young Owl et alj ll2002h . 

'[Ol] peak position in I Young Owl et al. 

s[Ol] second peak position in I Young Owl et al. 

HRAS 18479-0005 in lPeeters et alJ tooj) . 

'IRAS 17221-3619 in lPeeters et alJ ||2002| '). 

j Affected by foreground contamination (see text). 



Table 3. SH line intensities without extinction correction. 



Target 


s# 








Line intensities [10 


8 Wm-^sr-l] 












[SIV] 


Ha 


[Nell] 


[Nelll] 


H2 


[PIII] 


[Fell] 


[SIII] 






10.5 /im 


12.3 /im 


12.8 


15.5 /im 


17.0 /im 


17.9 /im 


17.9 /im 


18.7 /im 



group a 






5.73 


± 


0.12 


2.76 ± 0.09 


28.52 


± 


0.64 


13.35 ± 0.19 


2.09 ± 0.08 


0.32 


± 0.05 


< 


0, 


10 


27.46 


± 0.83 


1 


4.94 


± 


0.10 


2.81 ± 0.07 


28.23 


± 


0.57 


12.17 ± 0.17 


2.08 ± 0.08 


0.30 


± 0.04 


< 


0, 


12 


27.33 


± 0.78 


2 


4.52 


it 


0.08 


2.48 ± 0.09 


28.02 


± 


0.58 


11.73 ± 0.17 


1.98 ± 0.08 


0.25 


± 0.06 


< 


0. 


,11 


26.66 


± 0.79 


3 


4.90 


± 


0.10 


2.48 ± 0.07 


28.36 


± 


0.62 


12.27 ± 0.18 


2.07 ± 0.08 


0.29 


± 0.05 


< 


0. 


,12 


25.60 


± 0.77 


0-3 


4.95 


± 


0.10 


2.56 ± 0.06 


28.26 


± 


0.60 


12.24 ± 0.18 


2.02 ± 0.07 


0.29 


± 0.04 


< 


0. 


,09 


26.75 


± 0.78 


4 


4.26 


± 


0.09 


0.81 ± 0.08 


27.49 


± 


0.58 


11.41 ± 0.16 


0.94 ± 0.04 


0.22 


± 0.07 


< 


0, 


,10 


25.05 


± 0.75 


5 


4.03 


± 


0.10 


0.57 ± 0.10 


28.27 


± 


0.61 


11.12 ± 0.16 


0.87 ± 0.05 


0.27 


± 0.04 


< 


0, 


,08 


24.90 


± 0.74 


6 


3.91 




0.09 


0.56 ± 0.09 


28.29 


± 


0.58 


10.75 ± 0.15 


0.73 ± 0.04 


0.32 


± 0.04 


< 


0. 


,10 


25.99 


± 0.79 


7 


4.15 


± 


0.11 


1.16 ± 0.08 


27.59 


± 


0.58 


11.06 ± 0.16 


1.11 ± 0.05 


0.24 


± 0.04 


< 


0. 


,08 


25.96 


± 0.77 


4-7 


4.09 


± 


0.09 


0.75 ± 0.08 


27.93 


± 


0.59 


11.09 ± 0.16 


0.90 ± 0.04 


0.26 


± 0.04 


< 


0. 


,06 


25.52 


± 0.77 


8 


3.67 




0.08 


0.78 ± 0.10 


28.96 


± 


0.64 


10.48 ± 0.15 


0.81 ± 0.05 


0.33 


± 0.04 


< 


0. 


,06 


25.99 


± 0.82 


9 


3.55 


± 


0.07 


0.31 ± 0.08 


29.77 


± 


0.63 


10.20 ± 0.15 


0.39 ± 0.04 


0.36 


± 0.05 


< 


0, 


10 


26.03 


± 0.80 


10 


3.38 


± 


0.06 


0.54 ± 0.07 


27.23 


± 


0.57 


9.67 ± 0.13 


0.61 ± 0.04 


0.26 


± 0.06 


< 


0, 


13 


24.36 


± 0.74 


11 


3.21 


± 


0.09 


1.18 ± 0.08 


26.93 


± 


0.59 


9.60 ± 0.14 


1.13 ± 0.05 


0.26 


± 0.06 


< 


0, 


,09 


24.00 


± 0.73 


8-11 


3.45 


± 


0.07 


0.63 ± 0.08 


28.20 


± 


0.61 


9.95 ± 0.14 


0.69 ± 0.04 


0.31 


± 0.05 


< 


0. 


,08 


25.06 


± 0.78 


12 


0.73 


± 


0.09 


4.17 ± 0.11 


38.16 


± 


0.89 


3.80 ± 0.06 


3.34 ± 0.08 


0.20 


± 0.06 


< 


0. 


,10 


25.85 


± 0.74 


13 


0.46 


± 


0.09 


5.41 ± 0.15 


28.58 


± 


0.81 


3.03 ± 0.07 


4.59 ± 0.10 


< 


0.15 


< 


0. 


,10 


16.92 


± 0.49 


14 


0.67 




0.08 


4.43 ± 0.14 


30.94 




0.81 


3.60 ± 0.07 


4.59 ± 0.09 


< 


0.17 


< 


0. 


,12 


20.48 


± 0.59 


15 


0.69 


± 


0.10 


7.64 ± 0.12 


38.16 


± 


0.85 


3.56 ± 0.07 


5.36 ± 0.10 


< 


0.13 


< 


0, 


,17 


24.93 


± 0.72 


12-15 


0.63 


± 


0.08 


5.24 ± 0.12 


34.03 


± 


0.83 


3.51 ± 0.06 


4.46 ± 0.09 


< 


0.12 


< 


0. 


,10 


22.26 


± 0.64 


16 


0.69 


± 


0.08 


1.64 ± 0.13 


29.93 


± 


0.84 


3.45 ± 0.07 


2.08 ± 0.07 


< 


0.12 


< 


0. 


,12 


18.84 


± 0.50 


17 


0.56 


± 


0.09 


15.94 ± 0.18 


20.88 


± 


0.60 


3.29 ± 0.07 


11.61 ± 0.24 


< 


0.12 


< 


0. 


,09 


14.28 


± 0.40 


18 


0.47 


± 


0.07 


11.19 ± 0.21 


18.65 


± 


0.56 


2.91 ± 0.06 


8.77 ± 0.16 


< 


0.12 


< 


0. 


,11 


12.22 


± 0.35 


19 


0.56 


± 


0.12 


9.70 ± 0.21 


20.45 


± 


0.73 


2.85 ± 0.07 


9.44 ± 0.17 


< 


0.13 


< 


0. 


,09 


12.57 


± 0.35 


16-19 


0.55 


± 


0.08 


10.37 ± 0.18 


21.61 


± 


0.67 


3.03 ± 0.06 


9.06 ± 0.18 


< 


0.10 


< 


0. 


,08 


13.98 


± 0.39 


20 


0.53 


± 


0.08 


5.48 ± 0.12 


21.36 


± 


0.56 


2.81 ± 0.05 


4.55 ± 0.12 


< 


0.10 


< 


0, 


,10 


13.57 


± 0.36 


21 


< 


0.33 


18.01 ± 0.24 


27.01 


± 


0.86 


2.12 ± 0.06 


12.38 ± 0.24 


< 


0.12 


< 


0. 


,11 


11.95 


± 0.32 


22 


< 


0.44 


21.33 ± 0.26 


20.48 


± 


0.86 


1.91 ± 0.09 


14.49 ± 0.32 


< 


0.19 


< 


0. 


,12 


8.73 ± 0.24 


23 


0.64 


± 0.10 


5.53 ± 0.13 


36.27 


± 


0.89 


2.82 ± 0.06 


4.94 ± 0.13 


< 


0.14 


< 


0. 


,15 


18.67 ± 0.51 


20-23 


0.45 


± 0.10 


12.62 ± 0.17 


27.08 


± 


0.92 


2.42 ± 0.06 


9.08 ± 0.19 


< 


0.12 


< 


0. 


,10 


12.70 ± 0.40 





8.04 


± 1.04 


25.94 ± 1.70 


1055.49 ± 26.58 


71.48 ± 1.10 


13.24 ± 1.23 


< 


3.52 


< 


2, 


,08 


444.63 ± 16.29 


1 


9.79 


± 0.74 


12.36 ± 1.03 


1669.95 ± 38.64 


60.01 ± 1.18 


6.25 ± 0.95 


12.21 


± 1.33 


< 


2, 


,28 


1118.98 ± 35.0C 



Table 3 — Continued 



iarget 








Line intensities [10 ' 


B \\j ™— 2 „,.— ll 
vv m sr J 














fc; TVl 


rl2 


[Nell] 


[Nelll] 


rl2 


rp TTTl 


[Fell] 


r<? TTTl 
[b iiiJ 






lU.u /im 




12.8 


15.5 ixra 


1 ? n Jim 


i / .y /ini 


17.9 


lev Jim 




2 


59.31 ± 1.92 


7.52 ± 2.35 


2826.80 ± 64.57 


188.38 ± 2.44 


< 5.75 


21.74 ± 2.61 


< 


3.17 


2093.52 ± 67.94 




3 


12.61 ± 1.01 


18.77 ± 2.56 


2823.01 ± 68.30 


98.99 ± 2.46 


< 6.16 


< 9.12 


< 


6.11 


1555.05 ± 50.77 




0-3 


12.35 ± 0.98 


18.81 ± 1.47 


2092.03 ± 48.63 


96.54 ± 1.85 


6.75 ± 1.69 


11.97 ± 2.24 


< 


3.10 


1303.94 ± 42.58 




4 


30.16 ± 1.20 


< 3.65 


1580.10 ± 37.41 


130.65 ± 2.38 


< 3.70 


11.33 ± 1.24 


< 


1.69 


1135.74 ± 33.57 




5 


39.28 ± 1.70 


5.86 ± 0.89 


2907.65 ± 63.62 


195.08 ± 3.17 


< 3.86 


17.97 ± 1.76 


< 


2.23 


1802.95 ± 50.53 




6 


13.26 ± 0.68 


35.45 ±1.77 


1786.12 ± 50.57 


121.92 ± 1.97 


17.84 ± 1.18 


< 2.78 


< 


1.72 


790.99 ± 27.67 




7 


105.31 ± 2.67 


9.31 ± 1.92 


4760.16 ± 117.06 


399.57 ± 4.72 


< 7.30 


22.24 ± 3.40 


< 


3.76 


3054.66 ± 95.79 




4-7 


35.82 ± 1.35 


16.23 ± 1.21 


2631.04 ± 66.72 


190.68 ± 3.13 


7.45 ± 1.46 


15.93 ± 1.68 


< 


2.05 


1653.28 ± 48.45 




8 


6.84 ± 0.40 


3.43 ± 0.25 


537.09 ± 11.54 


30.87 ± 0.45 


3.64 ± 0.26 


5.72 ± 0.34 


< 


0.54 


434.74 ± 13.02 




9 


5.69 ± 0.53 


2.98 ± 0.26 


461.30 ± 9.79 


26.41 ± 0.46 


3.72 ± 0.24 


4.90 ± 0.24 


< 


0.62 


353.25 ± 10.78 




10 


11.75 ± 0.62 


2.81 ± 0.60 


565.84 ± 11.88 


42.02 ± 0.75 


2.40 ± 0.73 


5.73 ± 0.80 


< 


1.62 


470.27 ± 13.86 




11 


10.48 ± 0.37 


2.45 ± 0.41 


405.87 ± 8.96 


37.07 ± 0.52 


3.15 ± 0.30 


4.59 ± 0.44 


< 


0.69 


336.09 ± 9.62 




8-11 


8.09 ± 0.40 


3.01 ± 0.28 


487.21 ± 10.75 


33.88 ± 0.42 


3.17 ± 0.26 


5.39 ± 0.25 


< 


0.54 


393.29 ± 11.28 




12 


2.13 ± 0.36 


1.21 ± 0.35 


280.22 ± 6.62 


12.04 ± 0.22 


2.53 ± 0.14 


2.36 ± 0.21 


< 


0.36 


194.61 ± 5.52 




13 


3.06 ± 0.32 


3.20 ± 0.36 


516.57 ± 7.97 


14.27 ± 0.25 


3.65 ± 0.17 


6.14 ± 0.17 


< 


0.49 


399.57 ± 9.50 




14 


1.38 ± 0.30 


2.59 ± 0.36 


218.80 ± 5.07 


8.38 ± 0.22 


4.02 ± 0.11 


2.10 ± 0.24 


< 


0.36 


150.74 ± 4.47 




15 


1.33 ± 0.37 


3.77 ± 0.27 


331.56 ± 6.77 


8.89 ± 0.23 


4.06 ± 0.19 


2.73 ± 0.23 


< 


0.47 


206.22 ± 5.72 




12-15 


1.89 ± 0.30 


2.73 ± 0.24 


322.77 ± 6.07 


10.45 ± 0.18 


3.74 ± 0.11 


2.48 ± 0.21 


< 


0.32 


208.92 ± 5.42 


group b 


G351.467-0.462 





22.09 ± 0.95 


6.33 ± 1.25 


1155.35 ± 22.55 


84.50 ±1.28 


< 2.68 


4.67 ± 0.93 


< 


1.85 


769.05 ± 20.82 




1 


21.18 ± 0.62 


6.80 ± 0.76 


1119.52 ± 20.42 


77.32 ± 1.19 


5.01 ± 0.83 


4.38 ± 0.78 


< 


1.56 


743.31 ± 19.90 




2 


1.86 ± 0.58 


5.94 ± 0.93 


429.93 ± 8.86 


10.65 ± 0.47 


3.78 ± 0.37 


1.58 ± 0.30 


< 


1.14 


216.61 ± 6.09 




3 


< 1.59 


4.91 ± 0.69 


392.18 ± 7.89 


9.10 ± 0.44 


3.46 ± 0.47 


< 1.35 


< 1.49 


199.55 ± 5.04 




4 


< 1.75 


4.73 ± 0.79 


126.47 ± 2.73 


1.37 ± 0.39 


2.96 ± 0.28 


< 0.95 


< 1.00 


52.84 ± 1.48 




5 


< 2.02 


4.28 ± 0.64 


130.84 ± 2.18 


< 1.39 


3.07 ± 0.40 


< 1.22 


< 0.89 


54.97 ± 1.54 



-32- 



Table 4. Ionization potential of relevant elements. 



Elements Ionization potential [eV] 





first 


second 


third 


Fe 


7.87 


16.16 


30.65 


Si 


8.15 


16.35 


33.49 


S 


10.36 


23. ,33 


,34.83 


N 


14.53 


29.60 


47.45 


Ar 


15.76 


27.63 


40.74 


Ne 


21.56 


40.96 


63.45 



Table 5. Properties of relevant fine structure lines. 



Ions 


Wavelength 


Configuration 


Energy level of 




[/im] 




upper state [K] 


[SIV] 


10.51 




1369 


[Nell] 


12.81 


P3/2- Pl/2 


1123 


[Nelll] 


15.55 


3P1-3P2 


925 




36.02 


3Po-^Pi 


1325 


[PIII] 


17.89 


2p , 2p , 
1^3/2- ri/2 


804 


[Arlll] 


21.84 


3Po-3Pi 


2259 


[Felll] 


22.93 




627 


[Fell] 


25.99 


6D7/2-«D9/2 


554 




17.94 


*P7/2-''F9/2 


3497 


[SIII] 


33.46 


*Pi-3Po 


430 




18.71 


3P2-3Pl 


1199 


[Sill] 


34.81 


1^3/2- -ri/2 


413 



- 33 - 



Table 6. Correlation coefficient and the t-test results of Figs. [3] and HI 



Target 


[Sill] 35 /im 


[Sill] 35/im 


[Fell] 26^4111 


[Fell] 26 /im 




vs. [SlII] 33 /im 


vs. H2 S(0) 28 ^tm 


vs. [SlII] 33Atm 


vs. H2 S(0) 28 /im 






t 




t[%]'^ 




\.{%\^ 




t[%]b 


8171 


-0.60 


< 1 


0.61 


< 1 


-0.79 


< 1 


0.71 


< 1 


G333.6-0.2 


0.80 


< 1 


-0.22 


> 50 


0.69 


2-5 


-0.95 


5 


a Sco 


-0.68 


1-2 


0.78 


< 1 


-0.79 


20-30 


-0.92 


5-10 


NGC 1977 






0.09 


> 50 






0.03 


> 50 


GO. 572-0.628 


0.99 


< 1 


0.18 


> 50 










G3. 270-0.101 


0.95 


< 1 


0.64 


5-10 










G4.412-f0.118 


0.91 


< 1 


0.39 


> 50 










G8.137-f0.228 


0.99 


< 1 


0.98 


< 1 


0.99 


< 1 


0.89 


10-20 


G32.797-f 0.192 


0.99 


< 1 


-0.61 


30-40 


0.99 


1-2 


-0.67 


30-40 


G48. 930-0.286 


0.86 


< 1 






0.72 


2-5 






G79.293+1.296 


0.40 


30-40 






0.79 


10-20 






G347.611+0.2 


0.71 


2-5 


0.99 


1-2 










G351.467-0.462 


0.94 


< 1 


0.99 


5-10 


0.97 


< 1 


0.99 


5-10 


G359.429-0.090 


0.23 


> 50 






0.99 


5-10 







Note. — Gorrelation coefficients are estimated only for targets where two lines are detected at more 
than two positions. 

^Correlation coefficient. 

''Rejection region of t-test. 
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Table 7. Solar abundance and the gas-phase abundance in PDR models. 



Element Abundance Ratio against solar 



Solar abundance by ^s£lun^_et_aL (2005) 



Si 


3.26 X 10-5 




Fe 


2.82 X 10-5 




N 


6.03 X 10-5 




O 


4.57 X lO-"* 




s 


1.38 X 10-5 




Gas-phase 


abundance in 


PDR models bv Kaufman et al. f2006) 


Si 


1.7 X IQ-'' 


0.052 


Fe 


1.7 X 10-'' 


0.006 


O 


3.2 X IQ-* 


0.700 
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Table 8. (Fe+/Si+)as, (Si+/S2+),, and {Fe^+ /S^+) 



Target {Fc+/Si+)as (Si+/S2+)as {Fc^+ /S^+). 



S171 





065 


(+0 


044 


- 


040) 





123 


(+0 


654 


- 


052) 





013 


(+0 


008 


- 


009) 


G333.6-0.2 





033 


(+0 


129 


- 


014) 





218 


(+0 


326 


- 


103) 





033 


(+0 


058 


- 


019) 


(7 ScO 





228 


(+0 


153 


- 


084) 





740 


(+0 


913 


- 


331) 














GO.572-0.628 





007 


(+0 


003 


- 


002) 





191 


(+0 


070 


- 


040) 





003 


(+0 


001 


- 


001) 


G3.270-0.101 





033 


(+0 


012 


- 


010) 





129 


(+0 


031 


- 


030) 





009 


(+0 


005 


- 


003) 


G4.412+0.118 





032 


(+0 


013 


- 


009) 





099 


(+0 


019 


- 


031) 





008 


(+0 


008 


- 


003) 


G8.137+0.228 





060 


(+0 


138 


- 


012) 





158 


(+0 


083 


- 


072) 





020 


(+0 


059 


-0 


004) 


G32.797+0.192 





091 


(+0 


069 


- 


043) 





682 


(+0 


272 


- 


467) 





039 


(+0 


018 


- 


012) 


G48.930-0.286 





081 


(+0 


024 


- 


021) 





149 


(+0 


087 


- 


045) 





026 


(+0 


007 


- 


008) 


G79.293+1.296 





061 


(+0 


109 


~ 


034) 





066 


(+0 


050 


- 


031) 





Oil 


(+0 


007 


- 


007) 


G347.611+0.2 





047 


(+0 


020 


- 


020) 





113 


(+0 


168 


- 


041) 





030 


(+0 


015 


- 


016) 


G351. 467-0.462 





079 


(+0 


042 


- 


016) 





140 


(+0 


083 


- 


057) 





025 


(+0 


013 


- 


006) 


G359. 429-0.090 





063 


(+0 


023 


- 


023) 





390 


(+0 


346 


- 


098) 





028 


(+0 


035 


- 


014) 



Note. — (Fe+/Si+)as is derived from [Fell] 26 /im/[Si II] 35^111, (Si+/S2+)as is derived from 
[Sill] 35Atm/[SlII] 33Atm, and {Fe2+/s2+)as is derived from [Felll] 23/im/[SlII] 33 urn. We 
assume that all the emission comes from the ionized gas. Errors indicate the range of extreme 
data points within each target. 



Table 9. PDR properties from ISO/LWS observations. 



Target 




[K] 


Go 


n [cm ^] 




(Si+)aB 


IRAS18479-0005 


42- 


-45 


300-500 


100-300 


16 


0.8-1.3 


IRAS17221-3619 


46- 


-51 


500-1000 


~ 1000 


5 


1.0-2.0 



''Dust temperature. 

''Overlapping factor (see text and lOkada et al.l l|2003h '). 
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Table 10. Fraction of [Fell] 26 //m emission from the ionized gas. 



Target s# Fraction of [Fell] 26 /im from the ionized gas 



S171 


13 


< 


0. 


.84 




19 


< 


0, 


,84 




20 


< 


0, 


,95 




21 


< 


0, 


,72 




22 


< 


0. 


,59 


G333.6-0.2 





< 


0. 


,45 




1 


< 


0, 


,80 




5 


< 


0, 


,72 




12 


< 


0, 


,57 




13 


< 


0, 


,90 




14 


< 


0. 


,99 




15 


< 


0. 


,96 


G351.467-0.462 





< 


0. 


,86 




1 


< 


0. 


,77 




2 


< 


0. 


,62 



Note. — Estimated by the upper limit of the [Fell] 18/im/26/im ratio. 
Positions where [Fe II] 26 fj,m has not been detected or any constraint has 
not been made are omitted. 
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Fig. 1. — The observed positions for G333.6-0.2 on the MSX 8 /xm with reversed gray-scale. 
The larger rectangles indicate the slit of the LH module and the smaller ones that of the SH 
module. The numbers labeled to each slit position correspond to s# in Tables [2] and [3l 
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Fig. 2. — Typical examples of the spectra of Hll/PDR complexes, a) sO of S171, b) s20 of 
S171, c) s3 of NGC 1977, and d) sO of GO.572-0.628. 
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Fig. 3. — [Si II] 35 jim. intensity versus [S III] 33 jim. intensity (left) and H2 S(0) 28 jim. intensity 
(right) for each targets. 
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Fig. 4. — [Fe II] 26 //m intensity versus [S III] 33 //m intensity (left) and H2 S(0) 28 //m intensity 
(right) for each targets. 
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Fig. 5. — (Fe"'"/Si"'")as with assuming that [Fell] 26 /im and [Sill] 35 /im emissions are from 
the ionized gas. 
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Fig. 7. — PDR model parameters Go and n by iKaufman et al.l (l2006l ) that satisfy the ob- 
served hne ratios among [C II] 158 /im, [O l] 63 /im, 146 /xm, [Si II] 35 /im, and H2 28 /xm. For 
[Cll] 158/im/[Ol] 63 /im, the ratio if the intrinsic [Ol] 63 /xm hne emission is attenuated 
by a factor 2.5 due to the optical depth effect is also shown by the dotted lines. +lcr lines 
are always lower than the other two (larger ratios indicate lower Gn ) - [Cl l] 158 yum, [O l] 
63 /im, 146 /im, and [Sill] 35 /im intensities are from lYoung Owl et al.l (120021 ). For H2 28 /im 
observed by the IRS, the error represents the intensity range among s0-s4. For the ratio of 
H2 28 /im to [O l] 146 /im, the shaded regions satisfy the observed results. 



